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A review  of  prior  work  sad  available  literature  on  plasticizers  in  oil- 
resistant  rubber  for  low  temperature  applications  was  made,  With  respect  to 
compatibility  these  data  indicate  that  a prospective  plasticizer  should  (l) 
contain  polar  groups,  (2)  have  a relatively  low  molecular  weight  - about  JX , 
and  (3)  contain  a high  percentage  of  oxygen  - about  J1  percent  or  possibly 
higher. 

The  following  materials  were  evaluated  as  low  temperature  plasticizers 
for  Paracril  US-2oj  various  liquud  polybutadienes  and  their  derivatives;  ths 
butadiene-furfural  cot  rimer  and  several  of  its  derivatives;  hydroxy  la  ted  bu- 
tadiene derivatives;  Polyethylene  Glycol  derivatives;  Thiokol ' s ZL-109  alone 
and  blended  with  IP-903;  substituted  amides,  ureas  and  urethane,  IP-90B 
derivatives;  hydroxynitriles;  diallyl  sebacate  and  divinyl  benzene  as  vul- 
cani zable  softeners;  several  silicones;  several  phoephonate  esters;  several 
mercaptan-ethylene  oxide  condensates;  and  sorbitol.  Cf  the  plasticizers 
tested  most  were  found  unsuitable  due  either  to  the  failure  to  improve  the 
low  temperature  properties  over  those  of  the  unplasticized  stock  or  to  the 
high  extractability  from  the  compounded  stock  by  70/30'  isooctane -toluene 
mixture.  However,  several  hydro xypoly butadienes  containing  about  5 to  10 
percent  oxygen,  several  ZL^109/IP-90B  blende,  and  5-formyl  morpholine  stowed 
some  promise  and  these  and  similar  materials  should  be  investigated  further, 
along  with  the  Polyethylene  Glycol  derivatives  which  show  somE  promise  as  a 
group  although  no  exceptional  material  haB  been  found  in  this  group  as  yet. 

Several  9 0/10  copolymers  of  1,3-butadiene  and  1-cyano-l,  ^butadiene 
prepared  from  1-cyano butadiene  containing  varying  amounts  of  the  els-  and 
trans-isomers  were  compounded  with  20  phr  of  IP-903  and  with  20  phr of  liquid 
polybutadieae  and  compared  vith  samples  of  Paracril  B and  Paracril  18  which 
bad  been  compounded  similarly.  The  cyanc butadiene  copolymers  were  in  general 
superior  to  the  Paracrils  in  lew  temperature  properties  but  inferior  to  then 
In  oil  -rs  si  stance  and  other  physical  properties.  The  copolymers  made  from 
cis  1-cyano  butadiene  appeared  to  be  the  most  promising  of  the  experimental 
copolymers. 
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IHEBCCHJOTICO 


There  is  a widespread,  and  critical  need  in  the  armed  forces  for  a 
rubber  which  retains  its  elastic  properties  under  arctic  conditions  and 
in  addition  is  oil-resistant  so  that  it  can  be  used  in  continuous  service 
in  contact  with  hydrocarbon  fluids.  These  services  include  such  uses  as 
the  liners  for  self-sealing  fuel  tanks,  gasoline  hose  lining,  gaskets  for 
numerous  services,  and  motor  mountings  and  other  machine  and  ordnance  parte. 

There  are  two  obvious  approaches  to  this  problem.  The  first  and  the 
one  with  which  this  contract  is  chiefly  concerned  is  the  development  of  a 
plasticizer  for  existing  oil-resistant  polymers  which  will  inpart  the  de- 
sired properties  to  the  compounded  stock.  The  second  ie  the  development 
of  a new,  oil-resistant  polymer  to  be  used  alone  or  with  an  appropriate 
plasticizer.  In  order  that  a plasticizer  be  suitable  in  either  existing 
or  new  polymers  it  should  not  be  extracted  from  the  compounded  stock  on 
continuous  contact  with  hydrocarbon  fluid e,  it  should  be  sufficiently  non- 
volatile so  that  it  will  not  evaporate  from  the  stock  during  storage,  it 
should  exhibit  high  compatibility  with  the  polymer  so  that  it  will  not 
bleed  from  the  stock,  and  it  must  impart  the  desired  low  temperature 
flexibility  to  the  finished  rubber.  Development  of  a new,  oil-resistant 
elastomer  for  low  temperature  applications  is  being  actively  studied  in 
a number  of  laboratories,  but  this  lies  outside  the  scope  of  this  oontract. 
However,  some  work  has  been  done  on  plasticizers  for  a new,  oil-resistant 
copolymer  of  1,3-butadiene  and  1-cyano-l, 3- butadiene. 

Types  of  plasticizers  which  exhibit  high  compatibility  with  acryloni- 
trile-type rubber  are  well  known  and  include  various  esters  such  as  dioctyl 
phthalate,  sebacates  and  other  highly  oxygenated  compounds.  Non-ex  tractable 
plasticizers  have  been  developed  for  Gk-S  polymers,  most  notable  of  these  be- 
ing the  vulcanizable  softener,  liquid  polybutadiene.  Plasticizers  that  im- 
part good  low  temperature  flexibility  to  acrylonitrile  rubbers  have  been 
found  in  recent  studies  ij . Among  these  are  dioctyl  and  dihesyl  sebacate, 
dicapryl  adipate.  Carbide  and  Carbon's  Plasticizer  3®  and  3GO,  and  Thiokol's 
TP-9GB,  TP-95  and  TP-Qg.  However,  no  plasticizers  have  been  found  which  will 
confer  the  desired  low  temperature  properties  to  oil-resistant  rubbers  and 
yet  remain  non-extractable. 
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Since  compatibility  of  the  plasticiser  with  acrylonitrile  copolymers 
is  one  of  the  essential  properties,  data  from  several  rather  extensive  studies 
on  the  types  of  plasticizer  molecules  viiich  are  most  compatible  with  acryloni- 
trile rubbers  were  examined  and  carefully  correlated. 

To  achieve  non-extractability  of  the  plasticizer  in  rubber  compounds, 
an  obvious  approach  is  the  use  of  a material  which  is  in  itself  vulcanizable 
and  will,  therefore,  become  an  integral  part  of  the  rubber  during  the  period 
of  cure.  Development  of  such  a vulcanizable  plasticizer  for  ordinary  service 
in  both  oil-resistant  and  tire-type  polymers  has  been  the  subject  of  a great 
deal  of  research.  Vulcanization  consists  of  the  establishment  of  cross  link- 
ages through  sulfur  or  other  atoms  between  the  polymer  molecules.  In  the 
case  of  a vulcanizable  plasticizer,  the  cross  linking  would  take  place  be- 
tween the  softener  and  the  polymer  molecules.  This  results  in  an  increase 
in  the  average  molecular  weight  of  the  polymer. 

On  the  othor  hand  it  has  been  argued  that  improvement  in  the  low  tem- 
perature properties  of  a polymer  requires  a lowering  ef  the  average  polymer 
molecular  weight  by  the  additive.  The  action  of  a plasticizer  in  reducing 
the  number  of  such  cross  linkages  in  the  original  polymer  is  believed  to 
contribute  to  the  lower  degree  of  rigidity  of  the  structure  which  is  most 
apparent  as  the  temperature  is  lowered  to  near  the  freeze  point. 

It  might  seem,  and  indeed  this  position  is  taken  by  competent  in- 
vestigators, that  good  low  temperature  properties  and  vulcanizability  of 
the  plaVlcizer  are  not  consistent  and  cannot  be  achieved  together  and  that 
another  solution  to  the  problem  of  axtractability  of  the  plasticizer  must 
he  made.  In  view  of  the  rather  limited  knowledge  concerning  the  action  of 
plasticizers,  particularly  at  low  temperatures,  it  was  decided  not  to  aban- 
don the  attack  upon  the  problem  from  this  angle  and  to  make  at  least  a 
brief  investigation  of  certain  vulcanizable  materials  whose  composition 
appeared  tc  offer  attractive  possibilities. 

Another  obvious  way  to  achieve  non-extractability  is  by  the  use  of  a 
plasticizer  possessing  negligible  solubility  in  hydrocarbon  fluids  and  high 
solubility  in  the  polymer  itself.  In  the  case  of  ordinary  butadiene- sty- 
rene copolymers  which  are  composed  solely  of  hydrocarbons  and  thus  closely 
resemble  the  extracting  solvent,  the  existence  of  such  plasticizers  is  highly 
improbable.  With  the  acrylonitrile-butadiene  copolymers,  it  appears  that  • 
such  a plasticizer  may  exist  since  this  copolymer  is  no  longer  strictly  a 
hydrocarbon.  It  differs  in  type  sufficiently  to  have  very  little  compati- 
bility with  hydrocarbons. 

Therefore,  thie  problem  was  attacked  along  the  following  lin9s: 

1.  Various  liquid  butadiene  polymers  and  their  derivatives  were 
tested  In  Paracril  NS-26  (Tables  I and  II,  Appendix  2),  Various  sodium- 
polymerised  liquid  polybutadiene s of  different  viscosities  were  tested  along 
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with  several  hydrogen  fluorido-polymerized  liquid  polylx.tad.lene  and  severed 
vinylcyclohexena  (butadiene  dimer)  polymers.  Since  none  of  these  gave  the 
desired  properties  alone  they  were  tested  in  blends  with  commercial  plasti- 
cizer TP— 90B  and  fhiokol 1 s liquid  polysulfide  ZL*-1C9« 

2 

2.  The  butadiene-furfural  cotriaer,  2,3i4,5~bis-(A  -butenyleas) 
tetrahydrofurfural,  was  tested  along  with  the  crude  tar  from  which  it  was 
recovered  and  several  materials  of  intermediate  purity  (Table  IV,  Appendix 
2),  The  pure  cotriaer  was  also  tested  in  blends  with  TP-90B  and  with  a 
higher  suifur  level.  Although  the  pure  cotriaer  appeared  rather  interest- 
ing at  first  it  was  discovered  that,  due  to  its  volatility,  the  aliquot 
method  of  determining  Axtractability  (this  method  is  no  longer  used)  gave 
erroneous  results  and  the  plasticizer  was  actually  rather  extractable.  Sthy- 
lene  oxide  derivatives  and  hydroxy  La  ted  derivatives  were  also  prepared  and 
evaluated. 

3.  Several  derivatives  of  erytbritol  and  3-^atene-l , 2-diol  (products 
from  the  hydro  xylation  of  butadiene)  were  tested  (Thble  VI,  Appendix  2)  in 
Paracril  NS-26. 

4.  After  preliminary  screening  tests  on  a number  of  Polyethylene 
Glycol  derivatives,  several  were  tested  in  Paracril  TTS-26  (Table  VII, 
Appendix  2).  Ihesa  included  a number  of  9sters  and  some  cyano  derivatives. 

5.  A rather  extensive  investigation  of  Ihiokol's  liquid  poly  sulfide 
ZL.109  both  alone  and  blended  with  IP -903  was  made  (Table  IX,  Appendix  2). 
Several  blends  were  found  which  appear  rather  promising. 

6.  Since  dime  thy  If  ormanrf.de  is  an  effective  swelling  agent  for  poly- 
acrylonitrile, it  was  believed  that  a plasticizer  having  the  desired  proper- 
ties might  be  found  among  various  materials  containing  the  amide  structure. 
Several  substituted  amides  and  ureas  were  therefore  evaluated  in  Paracril 
NS-26  (Table  X,  Appendix  2),  Of  the  materials  tested,  one,  K-forqyl  morpho- 
line, exhibited  several  favorable  characteristics  which  makes  further  study 
of  this  type  of  compound  appear  rather  interesting. 

7.  Modifications  of  IP-90B  were  made  which  were  expected  to  reduce  the 
extractability. 


S.  Unsaturated  nitriles  were  hydro xylated  in  an  effort  to  reduce  their 
hydrocarbon  solubility. 

9.  Piallyl  sebacate  and  divinyl  benzene  were  tested  as  vulcanizable 
softeners  in  Paracril  US-2c  both  alone  and  with  benzoyl  peroxide  or  blende*! 
with  TP-903  (Table  XIV,  Appendix  2). 

10.  A recent  patent  2 J describes  the  use  of  polymeric,  non-miscible 
type  plasticizers  for  various  rubbers.  In  view  of  this,  several  silicones 
which  possibly  might  exhibit  plasticizing  action  but  which  are  known  to  be 
inconpatible  with  Paracril  ITS -2 6 were  tested  to  determine  if  these  materials 
would  izprove  the  low  temperature  properties  of  this  rubber. 
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11.  Several  other  materials,  two  phosphonate  eaters,  ma reap tan- ethylene 
oxide  condensates,  and  sorbitol,  were  tested  in  Paracril  NS-26  {Tables  XVI 
and  XVII , Appendix  2). 

12.  A recent  report  V that  a 90/lC  copolymer  of  1,3-butBdiene  and  1- 
cyano-1,  3- butadiene  exhibited  good  low  temperature  properties  and  good  oil 
resistance  prompted  an  investigation  using  this  copolymer  in  which  the  plas- 
ticizer requirements  may  be  less  demanding.  This  report  also  indicated  that 
the  trans- isomer  gave  a better  low  temperature  copolymer  than  either  the 

c is- isomer  or  a mixture  of  the  cis-  and  trans- isomers.  Several  samples  of 
copolymers  were  prepared  from  samples  containing  various  proportions  of  the 
cis  and  t ran s- isomers  (Table  XVIII)  for  testing  a 6 a low  temperature,  oil 
resistant  elastomer.  With  20  phr  of  plasticizer  the  cis- isomer  appears  to 
give  a more  promising  polymer  than  the  t ran s- isomer  (Tables  XIX-XXI  ( Appendix 


SECTION  Z 
METHODS 

So  long  as  the  usual  stress-strain  and  other  physical  properties 
of  the  rubber  product  remain  within  normal  limits,  little  attention  need  be 
given  to  the  minor  variations  which  occur  within  these  limits.  Primary 
attention  was,  therefore,  directed  toward  those  properties  of  the  rubber 
product  which  reflect  its  suitability  for  use  in  low  temperature  service 
while  in  contact  with  hydrocarbon  fluids  and  complete  physical  tests  were 
omitted  in  many  instances.  The  tests  yielding  pertinent  information  con- 
cerning the  low  temperature  behavior  of  these  rubber  products  are  the 
freeze  point,  cold  compression  set,  swell  and  extractability.  The  extracta- 
bility  is  a direct  measure  of  one  of  the  integral  parts  of  the  problem.  In 
contrast,  swell  in  a 70/3 0 isooctane-tc luene  solution  is  a measure  of  the 
compatibility  of  the  plasticized  rubber  with  hydrocarbon  fluids  and  often 
correlates  with  the  extractability  of  the  plasticizer. 

The  freeze  point  indicates  the  tempers ture  limit  at  which  the 
polymer  may  be  expected  to  be  plastic  and  therefore  usable.  The  degree 
of  plasticity  at  a low  temperature  (-35°* *3  measured  by  the  cold  com- 
pression set,  for  any  polymer  not  frozen  at  the  test  temperature  gives  a good 
index  to  the  potential  value  of  the  compound  for  various  services.  These 
properties  together  with  normal  physical  properties  of  the  rubber  should  re- 
main at  satisfactory  levels  after  exposure  to  hydrocarbon  fluids*  If  a pros- 
pective plasticizer  appears  good  as  a result  of  the  above  tests,  redetsrmina- 
tion  of  these  properties  after  a so-called  cycling  operation  is  important  since 
it  will  indicate  the  behavior  of  the  finished  rubber  after  continuous  exposure 
to  hydrocarbon  fluids. 
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A.  Test  Procedures 


Bss  test  methods  employed  on  the  compounded  samples  were  the  usual 
methods  In  use  throughout  the  rubber  indue  try  with  a few  addition*.  All 
ths  tests  were  made  in  the  Bibber  Evaluation  laboratory  located  in  the 
Phil  tax  Experiment  Station,  Phillips,  Texas,  by  experienced  test  personnel. 
The  equipment  and  procedures  were  in  exact  accordance  with  those  standardised 
by  ASM  Co  and  t tee  Dull. 

Specifically,  the  tests  made  and  the  procedures  used  were  as  detailed 
below: 

Tensile  Strength  - Determined  by  ASTx  Method  D-U12J49T'  at  SO®?.  Hot 
tens  lies" 'tiaken  aV 2C0®F. 

Elongation  - Also  determined  by  Test  Method  D-412-49T. 

Compression  Set  - Determined  by  ASM  Test  Method  D-395-^9 Deflection 
35  percent  for  2 hours  at  212°F,  plus  1 hour  relaxation  at  212°F.  Cold  com- 
pression set  taken  at  35  percent  deflection  for  22  hours  at  -35°^*  pl*i*  0*5 
hour  relaxation  at  -35®^ • 2bis  vcaa  latsr  carried  out  in  a carbon  dioxide 
atmosphere. 

!*5odulus  - Value  taken  at  JOO  oercent  elongation.  Tsst  method  designated 
D-791PS: 

Freeze  Point  - Determined  by  the  Qehaan  apparatus;  Test  Method  D-1053- 

49T. 


Mooney  Viscosity  - Determined  by  ASTM  Test  Method  D-927-^9T  using  in 
general  the  small  rotor  at  1.5  minutes  (MS  1 l/2). 

Shore  Hardness  - Durometar  hardness  determined  by  the  shore  hardness 
tester,  asM  Method  D-676-^9?* 

Swell  - Determined  on  the  compounded  samples  by  immersion  in  the  lO/jp 
isooctane-toluene  mixture  for  72  hours  at  157r^«  increase  in  volume  and 
weight  were  measured.  The  solvent  and  swollen  samples  were  used  in  extraction 
test. 


Extractabllity  was  determined  by  ties  methods  using  the  solvent  and  sample 
from  t£e  swell  test.  In  one  method,  an  aliquot  of  the  solvent  was  evaporated 
in  a watch  glass  on  a hot  plate  at  very  low  heat,  and  the  residua  weighed. 

In  the  alternate  method,  the  swollen  rubber  was  dried  in  a vacuum  oven  at 
110°P.  The  difference  in  weight  between  the  dried  sample  and  tbs  original 
taken  for  the  swell  test  was  obtained.  The  loss  in  weight  on  extraction  was 
rapbrted  as  percent  of  the  compounded  rubber.  Only  the  weight  method  is  now 
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being  used  to  determine  the  extractability  of  the  plasticizer  because  cf  ttfc 
erroneous  results  obtained  in  several  cases  by  the  aliquot  method.  Also, 
the  extractability  test  is  now  being  carried  out  by  immersion  of  the  specimen 
±n  70/p  isooctane-toluene  hlend  for  two  days  at  15ScFs  then  dried  three  days 
at  15o®r.  in  accordance  vith  standard  Air  Force  procedure. 

r/he  values  for  this  report  have  been  converted  to  partB  per  hand  rod  of 
rubber  and  then  to  percent  of  tire  original  amount  of  softener  added.  A 
correction  for  the  extraction  of  stearic  acid  determined  on  unplasticized 
sanples  has  been  applied. 

A FR(  Temperature  Retraction)  test  was  also  employed  to  measure  the 
freeze  point.  In  this  test  & 4.0  inch  T-50  specimen  is  extended  pC  percent 
sad  Immersed  in  a cold  bath  (-70°B.)  of  acetone.  After  three  minutes  the 
■eoqple  is  released  and  allowed  to  warm  up  slowly  and  the  temperatures  corres- 
ponding to  0,1,2,5,10. .. .90  percent  retraction  are  determined.  The  freeze 
point  is  determined  by  extrapolating  the  straight  line  portion  of  the  tem- 
perature versus  retraction  curve  to  zero  retraction. 

Swell  in  the  Plasticizer  - The  compounds  to  be  tested  as  plasticizers 
were  screened  for  compati'bility  with  the  rubber  products  by  a swell  test  in 
order  to  eliminate  those  confounds  of  very  limited  compatibility  vith  the 
rubber  products.  This  test  gives  an  indication  of  the  softening  action  of 
the  plasticizer.  The  procedure  for  this  test  is  described  below: 

Circular  rubber  specimens  21  millimeters  in  diameter  and  2. 3 milli- 
meters thick  were  weighed  first  in  air  and  then  in  water.  The  specimen  was 
then  dipped  in  acetone,  quickly  blotted  dry  with  filter  paper,  and  then  im- 
mersed in  the  plasticizer  contadred  in  a small  vial.  The  vial  was  capped 
aad  placed  in  a constant  temperature  oven  maintained  at  158°F.  After  one 
week  the  vial  was  removed  from  tie  oven  aid  allowed  to  cool  for  p minutes. 
The  rubber  specimen  was  then  removed,  dipped  in  acetoas,  blotted  dry,  and 
weighed  in  air  and  water  as  before.  The  volume  change  was  calculated  from 
the  change  in  the  difference  between  the  weights  in  water  and  air.  After 
dipping  in  acetone  and  drying,  the  specimen  was  returned  to  its  vial  aad 
replaced  in  the  even.  After  an  additional  two  weeks,  swell  was  again  de- 
termined. The  specimen  was  then  placed  on  a piece  of  filter  paper  for 
24  hours  and  observations  on  bleeding  were  made. 

B.  Conpcunding  Recipes 

In  general  the  following  gasket  recipe  was  used: 

FEE 


Elastomer 

100.0 

Fhilblack  A 

60,0 

Zinc  Oxide 

5.0 

Stearic  Acid 

1.5 

Sulfur 

1.5 

Plasticiser 

Variable 
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The  elastomer  used  was  Paracril  NS-26  except  in  the  case  of  the 
butadiene-1- cyans  butadiene  evaluation  where  this  elastomer  was  cospared,  with 
Paracril  IS  /and  Paracril  3 in  the  above  recipe.  With  20  or  more  phr  plasti- 
cizer, the  amounts  of  sulfur  and  accelerator  were  increased  to  2*0  and  1,75. 
respectively.  In  several  other  cases.  where  noted,  the  sulfur  and  accelerator 
levels  were  increased  even  more.  All  results  are  for  a 45  minute  cure  at  307°^* 
except  whera  noted. 


ithetic  Procedures 


Standard  organic  chemical  procedures  and  apparatus  were  «pioyed  in 
the  synthesis  of  the  plasticizers  tested  and  in  the  preparation  of  the  l-cyaiuw-l, 
butadiene , Details  of  these  preparations  are  given  in  Appendix  1. 


tri ration  Procedure 


The  9C/10  copolymer  of  1, 3-butadiene  and  l-cyano-l,3-butadieas  was  pre- 
pared from  freshly  dlstillsd  monomers  using  the  following  recipe  at  1229!: 


PHH 


1,  Vbutadiens 
l-cyaao-lt  3-butadiens 
Water 
OSE  soap 

a* 

The  mercaptan  level  was  adjusted  to  obtain  a copolymer  of  approximately  60 
Mooney  value  and  the  polyneriratien  was  allowed  to  proceed  to  about  60  per- 
cent conversion.  Details  of  each  individual  polymerisation  are  given  in 
Table avill,  Appendix  2 . 


90.0 

10.0 

ISO 

5.0 

0.30 

Variable 
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SECTION  II 


5ESCLTS  ANT  DISCUSSIC® 

A,  Correlation  of  Sxisting  Data  on  Compatibility  of  Softeners  with 
Various  Bolymers 

This  study  revealed  that  plasticisers  which  were  suitable  for 
acrylonitrile  copolymers  differed  maricedly  from  those  suitable  for  less 
polar  rubbers.  The  common  elastomers  may  be  arranged  in  order  of  increas- 
ing polarity  starting  with  non-polax  butyl  rubber  throu^i  natural  rubber, 
23- S and  Neoprene  to  the  most  highly  polar  acrylonitrile  rubber  (Paracril). 

Based  on  compatibility  alone,  conveniently  determined  by  a simple 
•veiling  test,  the  following  statements  summarize  our  conclusions  from  this 
review; 


1*  The  highest  compatibility  with  Paracril  is  obtained  with  low 
molecular  weight  plasticisers.  The  available  data  on  several  series  of 
ester  type  plasticizers  including  fatty  acid  eaters,  dibasic  acid  esters, 
and  long  chain  glycols  show  that  the  compatibility  increases  vith  a decrease 
in  molecular  weight  and  increases  very  sharply  below  a molecular  weight  of 
about  300  c 


2.  Highly  polar  plasticizers  are  more  compatible  than  less  polar 
or  non-polar  plasticizers  with  Paracril  rubber.  Thus,  hydrocarbons  in 
general  cause  very  little  swelling  of  Paracril  vhile  esters  of  dibasic  acids 
cause  more  swelling  than  esters  of  monobasic  acids. 

3*  Since  oxygen  is  the  element  most  frequently  present  to  give 
polarity  to  the  plasticizers,  a rough  correlation  can  be  shown  between  the 
degree  of  swell  as  a measure  of  compatibility  and  the  oxygen  content  ex- 
pressed as  the  number  of  oxygen  atoms  or  percent  oxygon,  Bor  Paracril  rubber, 
the  data  show  that,  for  plasticizers  of  equal  numbers  of  carbon  atoms  and  of 
approximately  equal  molecular  weights,  the  swelling  action  increases  with  in- 
creasing numbers  of  oxygen  atoms  up  to  at  least  seven.  Above  seven  oxygen  atoms 
per  molecule  so  few  compounds  have  been  investigated  that  the  apparent  leveling 
off  of  the  amount  of  swell  may  not  have  any  significance. 

In  this  correlation,  the  oxygen  atoms  have  all  been  regarded  as 
equivalent  in  producing  polarity,  an  obvious  inadequacy.  Carbonyl,  hydroxyl 
and  ester  oxygens  probably  contribute  differently  to  the  plasticizing  action. 
Possibly  both  oxygens  in  an  ester  or  carboxyl  groin?  should  be  counted  as  one: 
i.e.,  the  number  of  polar  groups  rather  than  the  individual  oxygen  atoms  should 
be  considered.  Those  plasticizers  which  are  the  best  swelling  agents  for  Para- 
cril rubber  were  all  found  to  contain  above  3^  percent  oxygen. 


WaDC  T£  32-80 


5 


*+•  5ot  all  polar  group*  are  necessarily  equivalent.  With  Paracril 
it  can  be  shown  that  a plasticiser  having  polar  groups  on  adjacent  carbon*  i* 
a arach  poorer  swelling  agent  than  a plasticiser  in  which  the  polar  group*  are 
widely  separated,  The  effect  is  very  marked  in  low  molecular  weight  compounds 
but  beoomes  negligible  with  quite  high  molecular  weight  cc^wunis. 

5«  There  is  evidence  that  the  low  tamparature  properties  of  Pasacnl 
are  lap  roved  (T^g,  Tx,  and  brittle  poiate  lowered)  with  increasing  oxygen  con- 
tent of  the  plasticiser  up  to  about  2^  percent  oxygen  but  not  above  this  point. 
Satisfactory  results  probably  can  not  be  6spectsa  from  a plasticiser  which  it- 
self ^ystallises  or  gels  at  the  test  temperature;  it  may  be  that  the  nore 
highly  oxygenated  compounds  containing  sis  or  seven  oxygen  atoms  ere  subject  to 
this  defect, 

B,  Polybatadiene  and  Polybutadiene  Derivative  as  Plasticisers  in  Paiacril 
(Table*  it.  U and  III,  igpendlx  gj. 

Sodium-polymerized  liquid  polybutadienes  of  various  viscosities  were 
tested  as  plasticisers  in  Paracril  HS-26,  When  comparing  these  plastioisers 
it  can  be  seen  that  in  general  as  the  viscosity  of  the  polybutadiene  increases 
the  freese  point  of  the  plasticized  stock  approaches  that  of  the  unplasticised 
stock  and  the  extractability  decreases.  Little  can  be  determined  from  the  cold 
coop  re  8 s ion  set  data  since  the  stocks  were  practically  all  frozen  at  the  test 
taaperature,  -35°^.  It  eight  appear  at  first  glance  that  a liquid  polymer  of 
the  proper  viscosity  to  give  the  bast  balance  of  properties  might  be  desirable. 
However,  it  is  believed  that  even  if  we  could  approach  the  low  temperature 
properties  of  the  low  viscosity  Material  and  the  extractability  of  the  high 
viscosity  material,  the  resulting  material  would  still  not  have  sufficient 
action  to  make  it  suitable  under  the  desired  conditions.  A blend  of  H:-9CB 
with  the  low  viscosity  material  gave  slight  iaprovement  in  the  low  temperature 
properties  but  also  increased  the  extractability. 

Hydrogenated  liquid  polybutadiens  (low  viscosity)  did  cot  appear 
to  impart  low  temperature  properties  superior  to  those  imparted  by  the 
original  polymer;  however,  it  did  appeal1  to  increase  the  extractability  con- 
siderably. Blending  this  hydrogenated  material  with  IP-9QB  greatly  iiqpiored 
toe  low  temperature  properties  but  also  increased  the  extractability  of  the 
compounded  stock.  A blend  of  this  material  with  ZL-IO9  both  decreased  the 
extractability  and  improved  the  low  temperature  properties  eome^iiat  over  the 
stock  plasticized  with  hydrogenated  polybutadiene  alone. 

The  hydrogen  fluoride-polymerized  polymer  had  much  the  same  effect 
on  W-U3  low  Loupe ra wU_i c pio^^rticw  did  thv  sodium-pc lyssrissd  polymer.  «t 
exhibited  much  higher  extractability,  thus  making  it  inferior  to  the  sodium- 
polymsrizol  polyasr.  The  vinylcyclohexene  polymer  (polymerised  by  photphsrtni 
pentoxids)  sho«>d  no  improvement  in  low  temperature  properties  of  tiu  com- 
pounded rubber  and  was,  in  addition,  completely  extracted,  thus  making  it  In- 
ferior to  both  of  the  other  two  types  of  polymers* 
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Of  tbs  savsral  hydroxypolybut&dienes  evaluated  in  Paracril  NS- 2 6 a 
few  bars  shown  some  promise.  Attempts  to  duplicate  these  remits  thus  far 
have  failed.  It  should  be  noted  in  Tnl Is  II  that  as  the  amount  of  oxygen  is 
increased  the  extractability  is  reduced  along  with  a corresponding  Increase 
of  the  fraete  point  while  the  cold  compression  set  remains  essentially  the 
ease*  This  indicates  that  stock  containing  any  of  the  h^drniypnlybutaiienes,  al- 
though they  say  appear  to  be  scmevaiat  flexible  at  are  almost  completely 

Ibozen  after  longer  exposure  at  this  temperature.  Modification  of  the  hydroxypoly- 
butadiane  molecule  by  esterification  or  condensation  with  ethylene  oxide  in 
several  cases  reduced  the  extractability  'out  gave  no  improvement  in  low  tem- 
perature properties  over  the  unplasticizei  stocs.  Oxidation  of  liquid  poly- 


tautndien»-p inducing  mainly  ke tonic  oxygen  - save  a product  which  was  GDssptrsbls 


to  hydroxypolybutadiene  in  low  temperature  properties  but  Inferior  to  it  in- 
sofar as  extractability  is  concerned* 


C,  Butadiene-Iurfural  Copolymers  as  Plasticizers  in  Paracril  NS-26  (Tables 
T7  and  Y.  Appendix  2) 

p 

The  pure  oetriser,  2,3,^, 5“tds-(A  -tuteny iene ) tetrahydrcfurfuxal, 
appeared  rather  proaising  since,  even  though  it  was  somewhat  inferior  to  the 
control  softener  TP-9G3  in  regard  to  low  temperature  properties,  it  was  con- 
siderably better  insofar  as  extractability  was  concerned.  However,  it  was 
later  learned  that  the  aliquot  method  of  determining  extractability  was  giv- 
ing erroneous  results  due  to  the  volatility  of  the  plasticizer  itself  and 
that  this  material  was  nearly  as  extractable  as  IF-90B.  Blending  this  plas- 
ticizer with  TP-9GB  iapart-s  better  low  temperature  properties  than  the  eo- 
trimer  alone,  but  the  extractability  is  too  high  to  make  this  a suitable 
plasticizer  for  oil- resistant  rubber. 


A study  of  this  material  of  various  stages  of  purity  from  the  crude 
tar  to  the  pure  cotrimer  indicates  that  the  freeze  point  of  the  plasticized 
stock  decreases  with  increasing  purity  while  the  cold  compression  set  and  ex- 
tractability remains  essentially  the  same  for  all  the  materials  except  the 
erode  tar. 


Eeduction  of  the  pure  cotrirtr  to  its  corresponding  alcohol, 
contrary  to  expectations,  did  not  appreciably  reduce  the  extractability  and 
In  addition  did  not  materially  affect  the  low  temperature  properties  of  the 
unplasticized  stock.  Subsequent  condensation  of  this  alcohol  with  ethylene 
oxide  did  improve  the  extractability  but  had  little  affect  on  the  cold  tem- 
perature properties,  Hydroxylaticn  of  both  the  cotrimur  itself  and  its 
corresponding  aloohol  yielded  materials  which  ware  assontially  non- ex  tract  able 
but  which  did  not  improve  the  low  temperature  properties. 
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ru  7iTir*x?lA%$A  Butadiene  ler-lvadxYts  as  ia  F3-^ 

msa^nr^sssxxw. — — — 

ill  6 i tkj  plasticisers  of  this  type  teat  ssere  tested  gac vs  j>*o? 
lew  moan)  properties  a*ri  til  bet  tea  residua*  fress  the  errticyii*l 

nrsatrattes  aai  tha  rwrlfleatstTe  war*  alanct  newljt*!?  eztrerted.  It  t^ymln 

* ■*  c.'  ' • ' ' ' ~ ' ' « — 

be  noted  the  alitfoet  aeUuxi  of  iottriiaiEg  est  mo  lability  *117  nav  te 
applies*!*  U ike  erythritel  rtil4u.es  and  say  be  giving  erroneous  results. 

Ths  polyesters  function  well  t*  i»n-extr*c table  fcofteaere  bat  11  «ntion*.? 
iweve  io  ne  t isp»rs  tile  Ira  teiuj*ratu«  properties, 

* *1  n T\— *4 — 4.,- --  0*1  ..iJ  a.  »•  -><1 

«x  * « wi,ie  - ■ wj  "*  4^  J-  *-"»  . , 7 e*  >?  a v ^ w u-  * * -h-aw  * ^ y 4 w - n au  « »-*■  * .n.  *-  w 

" *” 

h*  fe  re  wait  of  pKiiainary  sere ac lug  testa  smrsl  Polya  thyla?* 

Glyaol  deriwaiives  war*  tested  in  Par?icril  Bi-26,  The  »**  eaters  of  Foly- 
steylsae  Qiycel  200  vsro  effective  in  is^roTiag  the  low  t«ap*  rater*  proper- 
tie*  of  tee  rubber  ( altbeugfa  act  av  effective  «j  TP-dGS)  Hit  war*  aaite  si- 
tractable  end  ia  addition  exhibited  only  limiWd  eoepe-tibility  with  th*  alas- 
feeaer.  da  asperisttatel  blend  of  two  ef  there  esters  with  Polyethylene 
Slyoel  1300  vs»  sed*  tv  sbteda  a Mat*  rial  eextalEiag  the  alaiac*  weeaut  *f 
gXyaei  to  reader  tea  blend  insoluble  iM  "fO/yO  i«*eeteaa-toitM©»  aid  te  give  a 
alaiae*  frees?  pointy  ttiie  aaterial  (44ifi-26)  wee  unsuitable  due  te  its  ia- 
sopaticillty  with  tea  olaexonter  la  cnistioa.  The  high  extraetisn  values  a*/ 
be  explained  b;  ths  ince^stibility  of  this  bisui  with  the  oo^on^dsd  itscs  snd 
the  renal  tent  bleeding  gave  the  errsaeous  results.  The  dieaters  tested  showed 
the  wsne  geaarel  properties  except  tee  aired,  adipate  wfeiefc  exhibited  greater 
ceapat ibility,  lateofiaetion  of  cyan: ethyl  grasps  did  not  appear  to  Jj^reve 
the  lev  temperature  prejartiee,  extractabilitjr  or  ooapatibility. 

Blend;  of  £1-109  TF-90^  ea  Plaetieisers  in  Peraorll  hS-?6  (Table  H, 

Appendix  2}  . 

Freliaineu-y  rew.lt • indicatrl  thax  ZU-109,  although  not  a suitable 
plasticiser  itself,  «*y  advantageously  be  ueed  blended  with  one  or  ears 
ether  plnaticisers;  therefore,  a rather  extensive  study  of  blends  of  ZI-IO9 
and  tP-dGB  was  undertaken.  Sines  the  blends  were  retarded  in  cure,  the  ill- 
fur  and  accelerator  levels  were  increased  and  a 73  elnate  cure  t las  was  need, 
Sxacinatien  cf  tee  eosupressier.  eat  late,  however,  indicaiee  that  increasing 
the  sulfur  ana  accelerator  iweis  seeia  to  lowr  ruteer  than  Incraase  the 
state  of  cure,  Blending  with  TI-51^  acewed  the  »xe  general  trends  as  ob-  • 
served  before,  isproved  low  temperature  propertiee  and  increaee>i  aatrttAte'fclli^y. 
d *’  iigudo.  itei.t,  UiivTfi',  teat  boh  n 1 k jil  < caBpoLre  fever  ably  wuxn  'Ix'-yue 
in  low  temperature  prepertiee  bat  are  Much  leas  extractable.  It  should  n 1 sc 
be  acted  that  lm  sevsral  cases  better  cold  co^preesion  set  values  were  obtained 
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i.or  a ;5  fti-Ttitf  cur®,  *vsii  though  the  1C  second  recovery  values  for  the 
cold  coaprustion  wt  are  rather  poor,  spot  readies  after  ore  oiaute  re- 
laxation show  that  recovery  i a rather  rapid  after  a else  *tart,  High 

loadings  of  hL-I09  had  a very  deleterious  effect  on  Uj>  tonsils  strength 
SLOd  slca^atien, 

a*  rlasti  cisers  in  Paracril  IS-26  (tables  X and  II,  Appendix  2) 

It  appears  that  n-eetyl  urea  does  not  is=:r?.v6  th?  low  ta^seratura 
properties  of  Paracril  13-26  thus  saucing  it  inferior  to  the  central  TF-9QB, 
even  though  it  is  somewhat  less  extractable.  Blends  with  TP-9C2  also  showed 
little  presiM, 
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aorpholine,  ,s  rather  interesting.  It  can  he  seen  ‘hat  the  forser  is  quite 
inoeepatiblo,  has  do  effect  on  the  lov  temperature  properties  and  is  only 

»xtractahle.  However,  the  latter,  which  is  structurally  sialic*  to 
JtJt  V"7  **  lt  if  ***  which  would  result  fr m the  cyclic 

dehydration  of  4&>}47,  shews  no  sign  ©f  incompatibility  and  appears  rather 
«rac,ive  m improving  the  low  te^erature  properties  but  is  wssswhat  acre 
eztractabl#*  It  b#  aotod  that  I- formyl  rarofaoiiae  was  iffectWe  in 

v SI*  55V*°v  P^parties  in  spite  of  the  fact  that  it  salted 

at  fcfe  r,  -t  is  be.iavM.  that  further  investigation  cf  aatarials  similar  to 
i-rorayl  morpooliae  would  prove  quite  interesting. 

Neither  -y*-I,  5 1 -di  ethane  luraa  oer^f  -hydroxys  thy  lure  than  appear 
J0  temperature  proparties  of  Paracril  IS- 26  very  *ach  and 

in  addititn  both  wans  highly  extracted  froa  the  compounded  stock. 

S*  &a  Plasticisers  in  Paracril  IS-2p  (Table  XII. 

Usaetiaa  ef  the  h/drszyl  gratis  la  EP-90B  with  a-tolyiiee  ditoe- 
cyaaate  gar*  a product  which  had  improved  axtractahility^but  iafsrlcr  law 

’JTT  — j wo  nooincatien  oy  ruactien 

with  face  1*1 « anhydride  gave  a product  which  i^arted  low  tamers  tur*  nro- 

waPiacrwSdT*^"*  ^ ^P-9C®;  the  axtractabllity,  contrary  to  expectations, 


tidies  M Plasticiser*  in  Paracril  IS-gg  (Table  XIII.  Appendix  2) . 


^dwzylAtioa  ef  Araeals,  nitriles,  derivad  froa  fatty  acids 

imerOTmd  til£  lliw  t Mmc  r*  tn  M **>  < * • +-Vr-.  +4  s 
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J.  Vulcar.izabie  Plasticizers  in  Paracril  N5-26  (Table  XIV,  Appendix  2) . 


3oth  diallyl  eebacate  and  divinyl  benzene  were  evaluated  as 
softeners  for  Paracril  NS-26.  Diallyl  sebacate  effectively  reduced  the 
freeze  point  of  the  rubber  but  did  not  greatly  effect  the  cold  compression 
set  and  remained  highly  extractable.  It  is  interesting  to  note  that  treat- 
ment with  benzoyl  peroxide  had  little  or  no  effect  on  the  physical  proper- 
ties. As  shown  by  the  data  on  the  extracted  stock,  any  beneficial  effect 
which  this  material  might  have  had  on  the  elastomer  was  completely  lost 
after  extraction.  The  lower  cold  compression  set  values  may  be  due  to  some 
softening  action  exerted  by  residual  hydrocarbon  from  the  extraction.  Di- 
vinyl  benzene,  both  alone  end  blended  with  TP-9C9t  was  unsatisfactory  due 
to  its  rather  slight  effect  on  the  low  temperature  properties  of  the  rub- 
ber even  though  it  is  appreciably  less  extractable  than  TF-9CB  alone, 

K,  Silicones  as  Plasticizers  in  Parscril  NS-26  (Table  X7.  Appendix  2) , 

Two  silicones  were  evaluated  as  plasticizers  for  Paracril  US-26 
even  though  it  was  known  they  were  incompatible  with  Paracril  NS-26.  As 
suggested  by  a recent  patent  2 /,  it  was  believed  that  they  were  of  high 
enough  molecular  weight  to  form  a stable  mixture  with  Paracril  NS-26.  As 
expected  these  materials  were  virtually  non-extractable  but  they  did  not 
appear  to  improve  the  low  temperature  properties  over  those  of  the  un- 
plasticized stock.  It  should  be  noted  also  that  the  desired  physical  mix- 
ture apparently  wss  not  obtained. 

L,  Fhosphonates  as  Plasticizers  in  Paracril  N&>26  (Table  X7I.  Appendix  2) . 

Evaluation  of  di deoctyl  phenylphosphonate  and  diisooctyl  styryl- 
phosphonate  in  Paracril  NS-26  showed  that  these  substances,  although  some- 
what effective  in  reducing  the  cold  compression  set,  were  almost  completely 
extracted  from  the  confounded  stock. 

M.  Mercaptan-Ethylene  Oxide  Condensation  Products  Plasticizers  in  Paracril 
NS-2b  (Table  XV'Il,  Appendix  2)  j 

Plasticizers  prepared  by  condensation  of  tert-dodecyl  mercaptan  with 
one  and  with  nine  moles  of  ethylene  oxide  were  evaluated  in  Paracril  NS-26  and 
found  to  be  unsuitable  as  low  temperature  plasticizers  since .neither  signi- 
ficantly improved  the  low  temperature  properties  over  those  of  the  unplasticized 
rubber. 

N.  Sorbitol  as  a Plasticizer  in  Paracril  NS-26  (Table  X7II,  Appendix  2) . 

Sorbitol  was  evaluated  alone  and  blended  with  TP-pOB  in  Paracril 
NS-26.  When  used  alone  it  vbb  relatively  non-extractable  but  failed  to  im- 
prove  the  low  tenperature  properties  as  conpared  with  the  unplasticized  stock. 
Blending  with  TP-90B  showed  the  usual  slight  inprovement  of  cold  temperature 
properties  and  the  corresponding  increase  in  astractaMlity, 
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0,  90/10  Butadlaac-l^yaaefrataAiana  Copolymer©  (?ablt»  XYIIX-HI  , Agpaadlx  2) 

i.  number  •£  90/ 10  butaAian*-l- erase ‘w.tadiaaa  icopelyaera  her*  beaai 
prep«-*d  from  L-cyaaa'but&iiena  cantainis^  T»ryi»$  use-ants  »£  the  cf.n-  and 
trana-itoatra.  Dae  ta  tha  aaall  amount  of  iluuaen  arm Liable  far  a-mlo*- 
ticn  til©  fcaonay  ralu*  (KL»-4)  u&k  datarmiaad  oa  wuy  jb*  blasd. 

¥hi«  blacd,  CE3IX-1,  gar a a r&lua  ef  119  bewerar,  toll  ralua  i*  4»u*txui 

bscatiM  the  Jioanay  rater  slipped  in  the  dater&ia&tioB,  fh*  acpe^ieeetsu  co- 
polymers ware  tasted  with  20  phr  OP-90S  and  liquid  pelybatadiaQ*  and  eo^purad 
with  Paracril  IS  and  Parscrii  3.  Th*  l-eyaaobutsdiane  oapolymera  wata  im- 
fsrisr  to  the  Paraeril  centrals  in  coiqprastion  set  (212®?,},  bydj'aem^a  ra- 

■ f »+  V arwl  *£3.^  ?b_?  * t. a Vif  a Vi*d  % ivsiw t ayuil 

hardness  while  th*  «cp*rim*mt*I  ecpelymars  wans  srqp*ri*r  to  the  a»n»rels  in 
fraesa  point  and  acid  ca^jraarien  mat.  It  «‘»ld  b*  sited  that  the  5?-yS 
was  tf sent i ally  eos^letoly  axtra/ited  aut  of  all  the  stoefci  aurwfl  th©  liquid 
polybutadian*  was  appreciably  lass  esriractable  sut  of  the  controls  than  fro* 
tha  aspirisentsl  ccpalyasrs.  Of  the  asperiaentai  oopalymars,  tha  an* prepared 
from  cifr-1- eyano-1, 3-btttaA.iaaa  appeared  *ora  promising  than  either  tha  trane- 
ieosar  or  th©  aixirara  sf  the  el  a-  and  trana-laanma,  Tha  ££Sfifc-ie**ar  {*7*  a 
x polymer  which  jxn  only  slightly  Vatfrnr  law  t*^p*r*tara  pxepartias  than 
Paracril  IS  whila  being  *u©c  lata  hydro eauroo*  ra«iilaat9  Variation  of  tha 
cur*  ttaa  tfiavad  no  significant  trails  for  tha  mparimaatal  eopolymar. 
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CONCLUSIONS 

Prom  the  foregoing  results  the  following  conclusions  nay  he  drawn: 

1.  All  the  liquid  polybutadienes  and  derivatives  which,  were  tested 
were  unsuitable  as  low  temperature  plasticizers  for  Paracril  US-26  except 
some  hydroxypolyhutadienes  containing  about  5 to  10  percent  oxygen. 

2.  All  the  butadiene-furfural  copolymers  and  derivatives  tested 
were  unsuitable  as  low  temperature  plasticizers  for  Paracril  NS-26. 

3*  All  the  hydroxylated  butadiene  derivatives  tested  were  similarly 
unsuitable  as  low  temperature  plasticizers. 

4.  All  the  Polyethylene  Glycol  derivatives  tested  were  unsuitable 
but  further  investigation  of  these  types  of  compounds  may  be  warranted. 

3*  Several  blends  of  ZL-109  and  TP-90®  showed  some  promise  as  low 
taupe rature  plasticizers  for  Paracril  NS-26  and  may  warrant  further  inves- 
tigation. 


6.  Of  the  amide-type  plasticizers  tested  only  N- formyl  morpholine 
has  shown  promise;  hc-over,  this  field  should  certainly  be  investigated 
further.  In  addition,  it  appears  that  a low  freezing  plasticizer  is  not 
required  to  impart  good  low  temperature  properties. 

7.  Modification  of  TP-QQB  by  reaction  with  m-teljrlen  diisocyanate 
or  succinic  acid  did  not  yield  a suitable  low  temperature  plasticizer. 

8.  Hydro xylated  nitriles,  sorbitol,  vulcanizable  materials  such 
as  diallyl  sebacate,  phosphonate  esters,  and  inconpatlble  silicones  were 
all  found  to  be  ineffective. 

9.  The  ethylene  oxide  condensates  of  tert-dodecyl  mercaptan  were 
unsuitable  as  low  temperature  plasticizers  for  Paracril  NS-26.  However, 
further  investigation  of  ethylene  oxide  condensates  appears  desirable. 

10.  Experimental  90/IO  copolymers  of  1 , 3-butadiene  and  1-cyano-l, 
3-butadiene  prepared  with  1- cyano- 1 . 3-hutad i ene  containing  varying  anoints 
of  the  els-  and  trans-isomers,  when  plasticized  with  20  phr  TP-9GB  or  liquid 
oolybutadlene,  were  in  general  superior  in  low  tenperature  properties  to  both 
Paracril  B and  Paracril  IS  containing  the  same  softener  but  were  inferior  to 
both  in  oil- resistance  and  stress-strain  properties.  The  oopolymer  prepared 
from  the  c is- isomer  gave  the  best  low  temperature  polymer  while  the  copolymer 
prepared  from  the  trans- isomer  appeared  only  slightly  better  then  Paracril  18. 
Further  investigation  of  copolymers  contain iz^  the  els-  and/or  the  trans-lsomsrs 
of  1- cyano- 1,  3-butadlene  appears  desirable. 
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A,  Modification  of  TP-9Q3 

1.  Heaction  with  m-xolylcne  Diisocyanata 

Into  a 900  milliliter  three-neck  flae.<  equipped  with  a stirrer, 
dropping  funnel  and  thermometer  was  placed  163  grams  of  HP-903.  Fifty- 
eight  gram*  of  m-tolylsns  di isocyanate  was  added  drcpwise  over  a 40 
aimits  period.  “‘The  heat  of  reaction  maintained  the  ten^rature  between 
120-140  °J'.  The  viscosity  of  the  mixture  increased  rapidly;  after  one 
hour  stirring  was  no  longer  possible,  When  heated  to  approximately  230°-fi . 
a liquid  phase  separated  which  did  not  solidify  on  oooling.  This  liquid 
had  the  odor  of  TP-903.  The  solid  material  was  recovered  by  filtration, 
ground  in  a mortar,  dried  at  room  temperature  under  a vacuum  for  several 
hours,  end  submitted  for  testing  as  sample  SES-1. 

2.  With  Succinic  Anhydride 

Into  a 900  milliliter  flask  which  was  equipped  to  remove  water 
was  charged  200  grams  of  TP-9C3  and  lU  grams  (1C  percent  excess  based  on  a 
hydroxyl  number  of  "]!)  of  succinic  anhydride.  The  temperature  was  main- 
tained at  3 92°?.  for  36  hours;  however,  no  sign  of  reaction  was  noted  after 
12  l»urs,  A dux  brown,  rather  viscous  liquid  was  obtained  vfcich  was  *ut>- 
ait  ted  for  testing  as  sample  UolS-9. 

B,  3utadiene-Iurfuxal  Cctriasr  Derivatives 

1,  2,3,4,  9 bia-(h^-frutenylene)  tstrahydrofurfuryl  alcohol 


In  a Elites*  three-neck  flaak  equipped  with  a stirrer,  reflux 
oondeneer  and  dropping  funnel  were  mixed  5OO  grams  of  potassium  hydroxide 
a 75O  milliliters  of  ajethaiiol.  After  cooling  to  130  ^ • a mixture  of  612 
grams  of  the  butadiene -furfural  condensation  product,  300  milliliters  of 

and  33O  milliliters  of  a 40  percent  aqueous  f 0 rmaldehydt  solution 
was  added  over  a 3O  minute  period  while  maintaining  the  temperature  between 
II5-I5OT.  After  four  hours  at  136®*. , stirring  was  stopped  and  one  liter 
of*  water  was  added.  The  dark  brown  lower  layer  was  separated,  and.  after 
stripping  the  methanol  from  the  aqueous  phase,  it  was  washed  with  three 
400-ailliliter  portions  of  benzene.  The  bensene  extracts  were  combined 
with  filtered  through  Olite  and  fractionated  thrcnigh 

a glase  column,  peaked  with  stainiese-eteel  helices.  The  boiling  range  was 
240-275*1,  at  one  millimeter  pressure.  This  product  was  submitted  for  test- 
ing at  saa^le  3?-7» 
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?-  Sthyiwae  Cside  fesdessate  of  the  Abovs  Aloghgl, 

i solution  ef  150  frsu  (0.72V  aolsi)  af  the  alcohol  in  15O  graee 
of  n-heptnns  and  7,3  gr&xi  of  a 20  percent  ao-dira  hydroxide  In  Betiuiaol  were 
charged  to  a heif-g&lloo,  it*inis*e-et££l,  JacxgWd  autoclave  equipped  with 
a stirrer  and  heaWd  ic  2*Ozr.  A solution  of  12?  (reel  (2.91  boIgs)  af 
athylaae  oxid®  in  L?5  gr**i  of  p-heptane  wan  than  pressured  into  tha  reactor 
with  nitrogen  In  call  portion!  over  a 2-hour  period  at  a temperature  of  - 
256°?*  And  a pressure  of  IS-* 5 psig.  Tha  reaction  wat  allowed  to  proceed  un- 
til tha  preswire  dropped  to  the  initial  value  (lo  pgig),  Tha  product  layer 
was  separatji  frox  tha  heptane  layer  and  washed  firet  with  water  and  then 
with  a large  portion  of  Pans  an?.,  Tha  coa'eiwd  benxens  extract!  were  than  dried 
over  potassium  carbonate*  filtered  and  the  bsnxeas  raecrei  by  distillation  to 
& final  takers  tore  ef  2x2®?,  at  cas  uiilimstcr  pressure.  This  product  waa 
found  to  t*ve  added  an  average  of  three  bo  lee  of  athylaae  oxide  per  boIc  of 
alcohol  and  was  submitted  for  testing  &a  sample  B3-S. 

C,  Ifydrcxyn  it  riles 

1 , Sydroxylatlon  of  Arossl  TCP  with  Performic  Acid 

Into  a 2-liter  flask  fitted  with  a etirrer  and  thermometer  were 
placed  273  grami  of  Ameel  TOD  (the  nitrile  derived  from  ball  oil},  3^2 
greuc*  of  a 25.8  percent  hydrogen  paroxiit  solution,  59*3  grama  of  foralc 
acid,  ana  IOC1  grass  of  water.  This  corresponds  to  1*5  ®ol*»  of  hydrogen 
peroxide  per  0,  ^ mole  of  forsie  acid  per  sole  of  double  hood*  in  tha 
nitrile.  This  was  suintaiaed  a:  1~C°7,  and  atirred  vigorously  for  2} 
hours  at  which  time  the  theoretical  amount  of  hydrogen  peroxide  had  been 
consumed.  The  product  wae  then  extracted  with  bemene,  vaahed  with  water, 
sodiua  bicarbonate  solution,  and  again  with  water,  dried  over  sagnusiuB 
sulfate  and  the  be ns eng  removed  by  distillation  to  a final  toeporature  of 
2^S°7.  at  one  seillisatar  pressure,  The  resulting  liquid,  which  froze  at  -40°T. 
wai  subnltted  for  tee  ting  ae  tangle  *1*19^1. 

2.  SydroxyLation  of  Aruesl  3D  with  Perforate  Acid 

The  hydroxylaticn  was  run  in  the  ease  manner  as  above  except  the 
ratio  of  the  reactant!  was  changed  to  3»0  sole*  of  hydrogen  peroxide  and 
3*0  moles  of  forsic  acid  per  sols  of  the  JLrnwei,  The  reaction  was  allowed 
to  proceed  for  23  hours  at  approximately  120°F*  after  which  tie*  the  product 
wat  recovered  ae  in  the  preceding  preparation.  This  product  wai  submitted 
for  testing  as  Maple  -£15-10, 

D.  3thylsns  Oxide  Ccndsnsat^  of  Thiokol  IP-g 


WiTY  TP 


Into  a half-gallon,  stainless-steel,  Jacks  ted  autoclave  equipped  with  a 
stirrer  v*re  charged  150  grams  (0,5  moles)  of  Biiokol  IP -8.  10  grass  of  a 20 
percent  solution  of  potassium  hydroxide  in  methanol,  and  600  grans  of  n-beptane. 
After  heating  to  26o°F. , 176  grams  (4.0  moles)  of  ethylene  oxide  in  l^b  grams 
ef  n-beptane  was  pressured  into  the  reactor  in  email  portions.  Use  reaction 
proceeded  for  6 hours  at  258  - 265°2,  and  at  52  - 90  psig.  The  heptane  in- 
soluble material  ¥aa  then  bbp&F&ted,  filtered,  axis!  stripped  to  remove  any  re- 
sidual heptane.  Ibis  pro-duct,  which  froze  at  vas  submitted  for  test- 

ing as  sample  4618-34. 

3,  Esters  of  Polyethylene  dlycols 

1.  Ncaoeetors  of  monobasic  acids 


In  all  cases  equimolar  quantities  of  the  acid  and  glycol  were  placed 
in  a flask  equipped  with  a reflux  condenser  and  a trap  to  collect  water.  A 
small  amount  of  calcium  hydroxide  was  added  and  the  temperature  was  maintained 
at  about  35 0°?»  until  there  was  no  further  sign  of  reaction.  The  acid  numbers 
of  the  resulting  products  were  about  2C  milligrams  of  potassium  hydroxide  per 
gram  of  sample  and  ware  undoubtedly  too  high  due  to  saponification  during 
titration, 

2*  Diesters  of  monobasic  acids 

The  acetate  esters  were  prepared  by  refluxing  for  25  hours  the  glycol 
with  an  excess  of  acetic  anhydride  containing  a smell  amount  of  pyridine.  The 
excess  acetic  anhydride  and  pyridine  were  then  removed  by  distillation.  The 
mixed  ester  of  lauric  and  acetic  and  Carbovax  1500  was  prepared  by  reading 
the  monolaurate , prepared  as  in  the  foregoing  preparation,  with  an  excess  of 
acetic  anhydride  containing  a small  amount  of  pyridine.  After  allowing  this 
to  reflux  for  27  hours,  about  75  milliliters  of  water  and  IX  milliliters  of 
benzene  were  added.  The  benzene  layer  was  then  separated  and  the  benzene  re- 
moved by  distillation. 

3.  Esters  of  dibasic  acids 


The  reaction  was  carried  out  in  the  same  manner  as  in  the  preceding 
preparations  except  that  a ratio  of  2 moles  of  glycol  to  one  mole  of  dibasic 
acid  was  used. 

7,  Ester-Type  Plasticizers 

1;  P.-.T  vn  f.hvl  arm  .Tlwol  200  ^nnbutvrAt® 

Into  a one-liter  flask  equipped  with  a reflux  condenser  and  a trap 
to  remove  water  from  the  reflux  were  charged  JfiO  grams  (1,5  moles)  of  Poly- 
ethylene Crlycol  200,  I32  grams  (l»5  moles)  of  n-butyzic  acid  and  0.02  grams 
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of  calcium  hydroxide.  The  reactants  were  refluxed  for  ]P  hours  at 
the  water  formed  was  removed  by  means  of  the  above  msnticned  trap.  The 
product  was  allowed  to  cool  to  room  temperature.  Nitrogen  was  bubbled 
through  the  product  for  the  first  five  minutes  of  the  coding  process  to 
aid  in  the  complete  removal  of  water.  This  material  was  submitted  for 
testing  as  sample  461S-2S. 

2.  /g  -Cyanoethyl  Ether  of  Polyethylene  Glyool  200  Monobutyrate 

Into  » 500-mi.lliliter  three-neck  flask  equipped  with  a dropping 
funnel,  stirrer  and  thermometer  were  placed  150  grams  v 0 * 7 5 cole)  of  Poly- 
ethylene Glycol  200  and  10,2  grams  C 5- 3^  percent)  of  a 4C  percent  aqueous 
potassium  hydroxide  solution.  While  stirring  vigorously  59 «S  grams  (0.75 
mole)  of  freshly  distilled  acrylonitrile  was  added  dropwise  at  the  rate  of 
60  to  30  drops  per  minute  while  the  reaction  was  maintained  at  S5-95°^« 

After  the  addition  was  completed  (0,5  hours),  the  reactants  were  stirred 
vigorously  while  maintaining  the  teqperature  at  90°^' • The  potassium  hy- 
droxide was  then  neutralised  with  dilute  hydrochloric  acid  and  66,1  grams 
(0,75  aole)  of  a- butyric  acid  was  added,  A reflux  condenser  with  a trap 
to  remove  water- was  added  to  the  flask,  and  the  mixture  was  maintained  at 
293°^*  f°r  24  hours.  An  additional  15.2  grams  of  n-butyric  acid  vae  then 
added,  and  after  maintaining  at  293°^  • for  another""4g  hours,  the  excess 
butyric  acid  was  removed  by  stripping  at  a final  pressure  of  approximately 
one  millimeter  for  3 hours.  About  20  grams  of  material  was  recovered  by 
this  stripping  process.  The  product  was  submitted  for  testing  as  sample 
4618-49. 

3.  Esters  of  Dibasic  Organic  Acids 

In  all  caset  the  acid  and  alcohol  in  a mole  ratio  of  1 to  2 were 
placed  in  a flask  equipped  with  a reflux  condenser  and  a trap'  to  remove 
water  from  the  reflux  and  heated  at  3^2- 3^7°^ • f°r  24  to  48  hours,  A 
small  amount  of  trifluoroacetic  anhydride  was  added  to  the  di-(M@tboxy  Poly- 
ethylene Glycol  350)  adipate  reaction  mixture  and  xylene  was  added  to  the 
di-(Wethyl  Garbitel)  oxalate  reaction  mixture  to  aid  in  the  removal  of  water, 

4.  Mixed  Esters  of  Dibasic  Organic  Acids 

In  the  case  of  both  esters  prepared,  equimolar  quantities  of 
alcohol  and  acid  were  heated  at  255-359°*' • ^or  8-17  hours  in  a three-neck 
flask  equipped  with  a stirrer,  thermometer,  and  a reflux  condenser  and  trap 
to  remove  water  from  the  reflux.  An  equimolar  quantity  of  the  second  alcohol 
was  then  added  and  the  reaction  maintained  at  309“350o?:.  for  2 to  24  hours. 

In  one  case  some  purification  was  achieved  by  extraction  with  both  hydrocarbon 
and  water. 
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5.  The  n-Hexyl  Hither  of  Polyethylene  Glycol  200  Mono- (ethyl  carbonate) . 


Into  a three-neck  flask  equipped  with  a stirrer, 

thermometer,  and  reflux  condenser  with  a vent  line  for  effuent  gas  were 
placed  IJ.4  grams  of  ethyl  chloro carbonate  and  53 *3  grams  for  the  n-hexyl 
ether  of  Polyethylene  Glycol  200,  the  preparation  of  which  is  described 
below.  The  reaction  was  allowed  to  proceed  for  3 hours  at  212°?. 

6.  Tri- (butyl  Carbitol)  phosphate. 

Intoa  500-«illiliterthre&-neck  flask  equipped  with  a thermometer, 
stirrer  and  reflux  condenser  fitted  with  a calcium  chloride  drying  tube  and 
vent  line  for  effluent  gas  were  placed  l62  grams  (1.0  mole)  of  butyl  Carbitol 
and  51  grams  (0.33  mole;  of  phosphorous  oxychloride.  The  reaction  was  allowed 
to  maintain  itself  at  approximately  115°F.  for  one  hour.  The  mixture  was  then 
heated  and  maintained  at  212°F.  for  4 hours  and  finally  at  3 02°F.  for  l6  hours. 
The  mixture  was  then  allowed  to  cool  in  an  atmosphere  of  carbon  diexi&B.  Thle 
partially  solid  product  was  readily  soluble  in  the  ] O/3O  isooctane- toluene 
solvent. 

G.  Bther-Type  Plasticizers. 

1.  Acrylonitrile  Condensates  with  Polyethylene  Glycols. 

In  both  cases  the  glycol  and  about  5 percent  of  a 40  percent  aqueous 
potassium  hydroxide  solution  were  placed  in  a three-neck  flask  equipped  with 
a stirrer,  thermometer  and  dropping  funnel.  An  equivalent  quantity  of  acry- 
lonitrile was  added  ^ropwise  at  the  rate  of  60  to  80  drops  per  minute  while 
maintaining  the  temperature  at  85-55°^  • After  the  addition  was  complete,  the 
mixture  was  maintained  at  about  §5°F.  for  6 to  20  hours  after  which  time  the 
mixture  was  neutralized  with  dilute  hydrochloric  acid  and  the  product  recovered 
by  vacuum  distillation. 

2.  The  Mo no- (n-hexyl)  Ether  of  Polyethylene  Glycol  200. 

Into  a one-liter  four-neck  flask  equipped  with  a dropping  funnel, 
stirrer,  thermometer  and  a reflux  condenser  fitted  with  a calcium  chloride 
drying  tube  and  vent  line  for  effluent  gas  was  placed  3 06  grams  (3«0  moles) 
of  n-hexyl  alcohol  and  5 milliliters  of  pyridine.  While  stirring  vigorously, 

357  grams  (3.O  moles)  of  thionyl  chloride  was  added  dropwise  while  main- 
taining the  temperature  at  about  85°F.  After  the  addition  was  complete 
(4  houre),  the  reactants  were  maintained  at  120°F.  for  two  additional  hours. 

The  dark  reaction  mixture  was  then  filtered  through  Celite  and  washed  twice 
with  ice  water.  The  n-hexyl  chloride  was  recovered  by  distillation  (toiling 
range  26g-271°F. 
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Into  a liter,  threa-neck  flask  equipped,  with  a stirrer  and  vent,  line 
for  affluent  gas  was  placed  242  grams  (1.21  moles)  of  Polyethylene  Glycol 
200.  While  stirring  vigorously,  29.2  grams  (1.27  moles)  of  sodium  was  added 
in  snail  places,  Dioxane  was  added  to  aid  in  dissolving  the  precipitated 
sodium  salt.  The  mixture  was  allowed  to  reflux  for  3*5  hours,  liter  cooling 
to  room  temperature,  IU5  grams  (1.21  Mies)  of  n-hexyl  chloride  was  added  and 
the  mixture  refluxed  5 houre.  The  mixture  was  then  heated  with  activated 
charcoal,  filtered  through  Celite,  stripped  to  remove  the  dioxane,  washed 
twice  with  j>- heptane  and  stripped  to  remove  any  residual  heptane.  This  ma- 
terial was  tested  as  number  4&18-68, 

H.  Acetal-Type  Plasticizers. 

1,  Di-(H5thoxy  Triglycol")  Formal 

Into  a 500  milliliter  three-neck  flask  equipped  with  a gas  inlet 
tube,  thermometer,  stirrer,  and  reflux  condenser  fitted  with  a vent  line 
for  effluent  gas  were  placed  267  grams  (1.5  moles)  of  "Etfadxy  Tritflyeol" 
and  22.5  grams  of  trioxane.  The  reactants  were  stirred  vigorously  and 
maintained  at  258°I\  for  5 hours  while  dried  hydrogen  chloride  gas  was 
bubbled  through  the  solution.  Nitrogen  was  then  bubbled  through  the 
solution  in  place  of  hydrogen  chloride  and  the  reaction  maintained  at  285°^. 
for  an  additional  15  hours.  This  material  was  tested  as  sample  4618-75* 

2,  The  Mixed  Formal  of  Methoxy  Polyethylene  Glycol  350  and  n-Hexyl 
tfarMtol. 

Into  a liter,  three-neck  flask  equipped  with  a gas  inlet  tube, 
thermometer,  stirrer,  and  reflux  condenser  fitted  with  a vent  line  for 
effluent  gas  wereplaced  350  grams  (1,0  mole)  of  Methoxy  Polyethylene  Gly- 
col 350  and  30  grams  (O.33  mole)  of  trioxane.  The  reaction  mixture  was 
stirred  vigorously  while  dried  hydrogen  chloride  was  bubbled  through  the 
solution  for  24  hours  at  75  - 85°F.  After  this  time  190  grams  (1,0  mole) 
of  o-hexyl  Carbitol  wee  added  and  the  temperature  raised  to  130°S'#  After  an 
additional  8 hours  nitrogen  was  bubbled  through  the  aolution  in  place  of 
hydrogen  chloride  and  the  reaction  maintained  at  130°F.  for  an  additional 
18  hours.  The  crude  reaction  product  was  then  washed  with  heptane,  dissolved  in 
toluene  and  washed  with  a saturated  aqueous  calcium  chloride  solution,  and  the 
toluene  removed  by  stripping.  This  material  was  tested  as  number  4618-80. 

I,  Oxidized  Liquid  Polybutadiene. 

Into  a three-liter,  three-neck  flask  equipped  with  a stirrer,  inlet 
tube  and  reflux  condenser  fitted  with  a vent  line  for  effluent  gas  were 
placed  36O  grams  of  Serial  #8  liquid  polybutadiene,  1520  grams  of  toluene, and 
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5 grass  of  70.2  percent  cumene  hydroperoxide.  Cry  gen  w&e  introduced  slowly. 
Just  above  the  stirring  peddle  and  the  reaction  maintained  at  200°P.  for  21 
hours.  Ifce  addition  of  oxygen  was  then  discontinued,  the  reaction  mixture 
refluxed  for  24  hours  to  decompose  the  peroxides  and  stripped  to  remove  the 
toluene.  Bids  material  was  tested  as  number  4518-53. 


J.  Die  thanolf  ormaalda 


Ethyl  formate  was  added  to  an  equimolar  quantity  of  diethanolamine  and 
allowed  to  stand  about  l6  hours  at  room  temperature.  The  reaction  was 
exothermic  at  first*  The  reactants  were  then  heated  until  the  reflux  v^oor 
reached  170°F,  at  which  time  ethyl  alcohol  was  removed  by  distillation.  The 
product  was  insoluble  in  70/52  isooctane-tcluene  and  froze  at  -bb0F.  It  was 
submitted  for  evaluation  as  4345-17* 

X.  Preparation  of  j&  -Efydroxye thy lure  than 

Ethyl  chlorof  ornate  (243  grams)  was  aided  dropwise  with  continuous 
stirring  to  a mixture  of  280  grams  of  sthanolemine  and  400  milliliters  of 
absolute  ether  at  the  rate  of  about  40-45  drops  per  minute  while  control- 
ling the  temperature  at  25  to  4o°F,  After  the  addition  was  complete  the 
mixture  was  allowed  to  stand  for  about  l6  hours,  Bse  ethanolaoine  hydro- 
chloride foamed  was  removed  by  filtration  and  the  filter  cake  was  washed 
with  two  lQO-nilliliter  portions  of  ether.  Haa  ether  washings  were  combined 
with  the  filtrate  and  the  ether  removed  by  distillation,  Ihe  residue  was 
then  distilled  under  vacuum  and  the  material  boiling  at  215. 6-217. 4°J,  at  1 
millimeter  pressure  was  collected.  A yield  of  253. 5 grams  of  liquid  which 
froze  at  and  was  insoluble  in  JC/jC  isooctane toluene  was  obtained. 

This  material  was  submitted  for  testing  as  sample  4843-21. 

L.  Preparation  of  Sym-K.K1  - Diethanolurea 

One  mole  (128  grams)  of  -hydro xye thylure  than  was  mixed  with  1 mole 
(6l  grams)  of  ethanolamins , heated  at  2JJ2°T»  for  2 hours  and  distilled. 

The  crude  material  wee  distilled  and  the  product  fraction  was  redistilled# 
The  material  boiling  at  248  to  253 CF.  at  one  millimeter  pressure  was  col- 
lected# 2»  product,  amounting  to  82  grams,  was  a liquid  which  froze  at 
-66°?. 

M.  Preparation  of  N-Porayl  Morpholine 

Ethyl  formate  (l#5  moles)  was  mixed  with  1.5  moles  of  morpholine  and 
refluxed  until  the  reflux  temperature  reached  jibs  mixture  was  then 
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distilled  and  the  pertien  toiling  at  4t7-455°^«  W2,B  collated,  A.  yield  of 
110  gram*  of  material  which  malted  at  bfc®T.  and  was  insoluble  in  fO/y)  ieo- 
ec  tan  a- toluene  was  obtained,  Thie  Material  was  suicritted  fer  testing  at 
saaple  ^3-25. 

5.  Monojyj’B. 

1.  l-Cyano-l. WSutadiene 

S»  l^eyano--l,3-butaAieae  was  prepared,  by  the  pyrolysis  of  crotonal- 
dehyd*  cyanohydrin  bent©  at*  which  had  been  previously  prepared  from  crenton&i- 
dehyd*-  benxcyl  dale  rid*  end  sodium  cyanide  5/* 

T p *1  ***  1 1 Sj.  ft  — ^ ^ rr~v,  j z1.  c V T t (^d  rSiCt-C  X"  SQl ) * n,  th  Rn 

aether- type  itirrer,  thermowell,  inlet  and  rent  line*  were  charged  2 gallsns 
of  technical  grade  bansene,  2 gall© a e of  reagent  grade  toluene,  23.5  pound# 

(6.165  mmlss)  ©f  technical  grad®  bsnseyl  Florida  and  11.4  powada  (0.l6fi 
■ole a)  of  technical  grade  cretacaldehyde,  The  mixture  vm  then  stirrad  and 
cooled  to  Ik*?.  by  circulating  cold  acetes*  through  the  reaater  Jacket. 

A soluties  of  11,0  poand*  of  I>jpont  Cyanegg  (equivalent  t.o  0.21 5 
mole*  of  sodium  cyanide)  in  peuncLe  of  water  vae  then  added  at  such  a 
rate  that  the  tewperatare  eould  be  maintained  at  about  14®?,  This  addition 
required  ajppieximstsly  2 hours  during  whieh  time  the  te^>eratare  varied  fro® 

13®?,  to  IS*?,  Stirring  was  continued  for  another  1.5  hours  and  the  mixture 
aliened  te  settle.  The  mixture  wai  then  etirred  and  allowed  to  settle  inter- 
mittently until  reea  temperature  was  reached.  The  light  yellow,  clear,  aqueous 
phase  was  then  withdrawn  and  the  product  phase  wee  washed  twice  with  2.5  pound 
port  is  ns  ef  5 percent  sodium  carbonate  solution.  The  deep  red  product  layer 
was  then  withdraws,  dried  over  3 pounds  of  anhydrous  magnesium  sulphate  for 
about  lf>  hour*,  filtered,  and  distilled  under  a vacuum  to  remove  the  ber.saue 
and  telusne.  Distillation  ef  the  crude  product  under  reduced  pressure  gave 
25. l5  peuads  (75*5  porcemt  of  theoretical,  of  erotenaldehyds  cyanohydrin  ben- 
soaU,  a light  yellow  liquid  boili^  at  125-155CC.  at  1 to  4 millimeters 
prweeurw.  The  refractive  index  (nj^)  reasureu  1.5222  cospered  te  a litera- 
ture valae  of  1*5223  . The  crotonaldehyde  cyanohydrin  bensoats,  to  which 

a sail  amount  of  picric  acid  was  added,  was  pyroiyzed  in  a one- inch  stain- 
less steel  tube  4-foet  long  and  pached  with  0.25- inch  csramie  Berl  saddlee. 

After  Hailing  the  pyrelysis  tube  with  nitrogen,  the  ester  was  charged 
thrr/cgh  a small  Kiltss-Boy  pusp  &t  the  rate  of  22  milliliters  per  minute 
while  the  tempera  tor*  inside  ef  the  pyrolysis  tube  was  maintained  at  101^-1115°?. 
file  pyrolysate  wets  collected  in  a 5~Hter,  round  bottom  flask  equipped  with 
* sir  ^rv^«  t-0  ClO^  t mT  the  pyrelysis 

of  about  S to  10  pounds  of  the  ester;  however,  it  was  found  that  the  tube  may 
very  conveniently  end  rapidly  be  burned  out  with  air  at  any  appropriate  time. 


ttADC  TE  52-3Q 


23 


The  crude  1-cyano-l , 3“toika<  - -cna  was  tHen  removed  from  the  pyrolyaate  by 
vacuum  distillation.  A temperature  of  l65®F.  and  at  least  24  hours  ap- 
peared sufficient  to  recover  most  of  ths  desired  product  from  the  benzoic 
acid  formed.  Picric  acid  was  added  both  to  pyrolysis  and  distillation 
receivers  to  inhibit  polymerization.  A yield  of  1240  grams  (6-2.2  percent 
of  the  theoretical)  of  almost  colorless  liquid  was  obtained.  Bis  pyroly- 
sate  and  the  recovered  cyanobut;  liana  ware  stored  at  dry-ice  temperature 
tfhile  waiting  further  purification. 


Separation  of  the  cis  and  trans-isomers  of  the  1-cyano-l,  3” 
butadiene  was  atteraptedTy  fracTTb nation  through  a 1 inch  by  36  inch  Pod- 
bielniak  colusa  at  3*5  millimeters  pressure  and  a influx  ratio  of  3^  to  1. 
Relatively  pure  cis -isomer  was  obtained,  but  a purity  of  only  about  75 
percent  was  obtained  for  the  trans-isomer.  It  _s  believed  that  due  to 
the  apparently  high  pressure  drop  across  the  column  and  the  long  residence 
time  in  the  pot  that  most  of  the  trans-isomer  had  polymerized.  The  follow- 
ing samples  '^»re  used  for  copolymerTzalion: 


Saapla  Uo. 


4642-17-1 

4642-17-2 

4642-17-3 


i Cis- 

£ Trans- 

Total 

98.0 

1.0 

99.0t 

70.6 

36.8 

107.4 

33-^ 

76.7 

110.1 

The  concentration  of  cis  and  trans-isomers  was  determined  by  infrared 
analysis  using  samples  of  the  pure  isomers  obtained  from  H.  P.  Snyder 
at  the  University  of  Illinois. 
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APPENDIX  II 
TAB  IE  I 


EVALUATION  OF  VARIOUS  POIEBUTADIEMES  AS  PIASTICIZERS  IN  PAKACKIL  NS-26 


% % Cold  Comp,  Set 

PHH  Plasticizer  % T-R  Relaxed  Relaxed 


Plasticizer 

Plasticizer  Extracted 

Swell  FP  °C  10  sec 

30  min 

Remarks 

L-l 

10 

62.4 

42.0  -32a,b 

95.9* 

L-l 

20 

65.0 

43.6  -36a'b 

— 

95o3u 

Ir-lAP-90B 

10/5 

69.4 

39,3  -39a»b 

- 

87. 2a 

4135-92 

10 

58.8 

46.7  -33a,b 

- 

96. 4a 

4135-92 

20 

54.5 

48.8  -34a,b 

- 

97. 7a 

4135-92/TP-90B 

10/5 

66.0 

42.4  -38a»b 

- 

89. la 

Serial  #5 

10 

15.7 

56.1  -31 

- 

96.  La 

Serial  #5 

30 

35.3 

73.0  -28 

- 

97. 2a 

Serial  #5 

30c 

16.3 

57.4  -26  . 

- 

97.  la 

TP-90B 

10 

75.1 

33.6  -4lS;b 

- 

76. 8a 

TP-90B 

10 

86.0 

33.3  -38*'“ 

- 

75.0a 

TP-90B 

20 

76.6 

25.9  -47a,b 

- 

46. 6a 

TP-90B 

30 

78.6 

18.9  -45 

- 

31.7a 

4135-92 

10 

72.6 

49.7  -30 

96.8 

96.5 

4135-92/TP-90B 

10/10 

76.6 

36.8  -39 

95.6 

71.6 

4135-92/ZL-109 

10/10 

56.6 

39.5  -35 

96.8 

94.7 

4135-92 

20 

69.1 

49.1  -32 

97.0 

96.5 

4135-92/TP-90B 

20/10 

73.8 

41.6  -40 

94.7 

71.1 

4135-92/ZL-109 

20/10 

63.0 

42.8  -35 

96.8 

93.3 

4135-92 

30 

77.1 

55.2  -32 

96.8 

96.3 

Bled 

Ser  #5/ZL-109 

10/10 

37.6 

50.2  -33 

- 

- 

ZL-1D9 

10 

32.8 

41.6  -33 

97.0 

95.6 

ZL-I09 

20 

18.4 

35.4  - 

95.3 

92.8 

ZL-109 

30 

12.9 

33.2  - 

93.9 

88.1 

TP-90B 

10 

77 

38.8  -38 

96.6 

86.1 

TP-90B 

20 

88.1 

26.3  -45 

87.4 

45.0 

TP-90B 

30 

82.5 

21.2  -50 

75.4 

30.9 

- 

48.6  -29 

97.1 

97.0 

Liq.  PBD,  768  Vis. 

10 

34.0 

59.9  -29 

97.5 

97.2 

Slick 

Liq.  PBD,  768  Vis. 

30 

58.7 

62.4  -29 

97.5 

97.2 

Bled  very  badly 

Liq.  PBD,  1037  Vis. 

10 

29 

60.5  -29 

98.0 

97.5 

Slick 

Liq.  PBD,  1037  Vis. 

30 

29.3 

79.4  -31 

97.6 

97.1 

Bled  very  badly 

TP-90B 

10 

94 

36.4  -36 

95.2 

78.6 

TP-90B 

30 

74.2 

23.3  -46 

74.2 

32.8 

- 

- 

43.8  -29 

97.3 

97.2 

a)  30  minute  cure 
bj  Gehman  FP°C 
cj  5 phr  sulfur 


TABLE  II 


EVAUJATICM  OF  POLTBUTADIEHE  DERIVATIVES  AS 
PLASTICIZERS  IN  PARACRIL  HS-26 


Jt  St  Cold  Comp,  Set 

FHR  Plasticizer  % FP  °C  Relaxed  Relaxed 

Plasticizer  Plasticizer  Extracted  Swell  (Gehman)  10  sec  30  min  Remarks 


HB-21 

10 

23.3* 

48.8 

-39 

- 

97.0 

10  per  cent  oxygen 

HB-24 

10 

9.0* 

49.2 

-40 

- 

98.8 

HB-34A 

10 

28.7* 

50.2 

-41 

- 

97.0 

6.5  per  cent  oxygen 

HB-43 

10 

18.0* 

47.0 

-30 

- 

99,1 

20.3  per  cent  oxygen 

HB-44 

10 

19.7* 

47.0 

-31 

- 

99.1 

HB-51 

10 

0.0* 

45.2 

-30 

- 

- 

22.0  per  cent  oxygen 

HB-58 

10 

21.5* 

49.3 

-30 

- 

96.2 

6.5  per  cent  oj^gen 

HB-61 

10 

5.4* 

44.6 

-30 

- 

96.6 

HB-63 

10 

19.7* 

48.3 

-29 

- 

97.0 

HB-67 

10 

19.7* 

45.1 

-31 

- 

94.8 

HB-71H 

10 

28.7* 

52.5 

-32 

- 

98.5 

RB-34 

10 

21.5* 

45.7 

-31 

- 

98.2 

HB-  86 

10 

23.3* 

49.3 

-31.5 

- 

- 

7.1  per  cent  oxygen 

HB-93 

10 

1.8* 

45.2 

-31 

- 

- 

19.5  per  cent  oxygen 

Liq.  PBD 

10 

19.7* 

61.9 

-42 

— 

— 

(T-R) 

HB-121 

10 

42.0 

56.3  ' 

-30 

98.2 

97.8 

2 per  cent  oxygen 

HB-121 

30 

38.0 

74.9 

-30 

97.7 

97.6 

HF-PBDi 

10 

76.0 

42.5 

-29 

97.7 

97.4 

HF-PBDi 

30 

76.0 

37.7 

-29 

98.0 

97.7 

HF-PBD2 

10 

64.0 

47.5 

-29 

97.8 

97.5 

HF-PBD2 

30 

61.3 

48.2 

-29 

97.8 

97.6 

4669-49-B 

10 

98.0 

41.8 

-29 

97.2 

97.0 

4669-49-B 

30 

100.0 

19.5 

-29 

97.4 

97.2 

Bled  slightly 

4669-49-C 

10 

123 

38.6 

-28 

97.7 

97.3 

4669-49-C 

30 

98.0 

22.8 

-27 

97.6 

97.6 

Bled  slightly 

TP-90B 

10 

76.0 

39.8 

-37 

97.2 

86.7 

TP-90B 

30 

80.7 

22.3 

-48 

72.8 

30.4 

— - 

- 

- 

48.4 

-29 

97.1 

96.8 

4618-58 

10 

47.5 

51.8 

-32 

97.1 

96.8 

9.2  per  cent  oxygen 

4618-58 

30 

36.6 

64.5 

-32 

97.2 

96.8 

TP-90B 

10 

92.5 

38.8 

-42 

93.5 

75.7 

TP-90B 

30 

82.5 

22.5 

-46 

71.9 

29.0 

♦Aliquot  Method 
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TABLE  III 


DESCRIPTION  OF  POLEBUTADiaiS  AND 
POHBUTADIEHE  DERIVATIVES 


Coda  Ho. 


De  script Ion 


L-l 

4135-92 
Serial  #5 

Liq.  PBD,  768  Vie. 

Liq.  PBD,  1037  Vie. 

HB-21 

HB-24 

HB-34A 

HB-43 

HB-44 

HB-51 

HB-58 

HB-61 

HB-63 

HB-67 

HB-73H 

HB-84 

HB-86 

HB-93 

HB-121 

HF-PBD1 

HF-PBD2 

4669-49-B 

4669-49-C 

4618-58 

ZL-109 

TP-90B 


Sodium-polymerized  liquid  poly  but  adiene  precipitated  to  give 
a low  viscosity  fraction  (30  Saybolt  Furol  eeconda  viscosity). 
Hydrogenated  low  viecoaity  liquid  polybutadiene  corresponding 
to  L-l  (15.9  per  cent  unsaturation) • 

Sodium-polymerized  liquid  polybutadiene  (460  Saybolt  Furol 
ae  conds  vie  cosity) . 

Sodium-polymerized  liquid  polybutadiene  (768  Saybolt  Furol 
seconds  viscosity). 

e.  . _ 1 i 1 1 j i Ji  1 „ ,4J  /ia  on  a. * •»*.  w 1 

xziC u uquiu  ^oi^uutoui'naa  rurui 

seeonds  viscosity). 

Hydroxypolybut adiene  (10  per  cent  oxygen). 

Hydroxypcly butadiene • 

Hydroxypolybutadiene  (6.5  per  cent  oxygen). 

Hydroxypolybut  adiene  (20*3  per  cent  oxygen). 

Acety  listed  hydroxypolybut  adiene. 

Hydroxypolybutadiene  (22.0  per  cent  oxygen)  • 

Oxidized  polybutadiene  (6.5  per  cent  ojgrgen). 

Phosphate  ester  of  hydroxypolybutadiene  and  butanol. 

Oleate  of  hydroxypolybut  adie  ne . 

Hydrcoypolybutadiene  condensed  with  ethylene  oxide. 
Hydrogenated,  air-oxidized  polybutadiene. 

Formate  of  hydroxypolybutadiene. 

Hydroxypolybutadiene  (7.1  per  cent  oxyge.;)* 
Hydroxypolybutadiene  (19.5  per  cent  oxygen). 
Hydroxypolybutadiene  (2  per  cent  oxygen). 

Hydrogen  fluoride-polymerized  liquid  polybutadiene. 

Same  as  HF-PBD^  except  different  purification  procedure. 
Vinylcyclohexene  (butadiene  dimer)  polymer-overhead  product. 
Vinylcyclohexene  polymer  - pot  residue. 

Oxidized  Serial  #8  liquid  polybutadiene  (9.2  per  cent  oj^gen). 
A Thiokol  liquid  polysulfide. 

Di- (butyl  Carbitol)  formal. 


ft'ADC  TR  52-SO 
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TAB IE  IV 


EVALUATION  QF  BUTADIBHE-FURPURA L COPOIZMERS 
AS  PIASTIC3ZBRS  IN  PARACRIL  NS-26  “ 


PHR 

Plasticiser 

Plasticizer 

BF-1 

10 

BF-1 

30 

BF-2 

10 

BF-1 

10 

BF-1 

•jgb 

BF-3 

10 

BF-3 

30b 

BF-4 

ID 

BF-4 

30b 

1 BF-5 

iow 

BF-5 

30b 

BF-1/TP-90B 

10/5 

BF-1AP-90B 

10/10 

, BF-1/TP-90B 

10/15 

BF-1 

10 

BF-1 

20 

BF-1 

30 

BF-1 

30* 

BF-7 

10 

BF-7 

20 

BF-8 

10 

BF-8 

20 

HBF-1 

10 

HBF-1 

20 

HBF-2 

20 

TP-90B 

10 

TP-90B 

10 

TP-90B 

20 

TP-90B 

30 

a)  Gehaan  FP  °C 

b)  2.0  phr  Alt  ax 

c)  30  minute  cure 

d)  5*0  phr  sulfur 


% 


Plasticizer 

% 

T-R 

Extracted 

Swell 

FP  °C 

55.2 

37.8 

-40 

75.1 

21.8 

-43 

37.7 

41.6 

-26.7* 

102.5 

34.7 

-34 

87. S 

1 1\  a 

A7«Q 

*vr* 

91.6 

34.5 

✓ 1 

-32 

81.3 

20.4 

-35 

88.1 

35.1 

-33 

83.8 

20.1 

-36 

89.6 

34.9 

-32 

79.0 

21.2 

-34 

74.0 

32.7 

-39 

85.5 

26.4 

-41 

82.1 

21.8 

-i.' 

81.0 

26.8 

-37.  „ 

81.6 

26.9 

-38a,c 

81.2 

20.9 

-38 

73.9 

17.5 

-34 

81.0 

34.6 

-33a*c 

76.6 

26.9 

-34a, c 

60c6 

35.8 

-34a,c 

70.0 

27.6 

O 

* 

'flJ 

1 

0.0 

40.2 

-28a*c 

5.0 

36.7 

-27a*c 

2.5 

37.8 

-27®* c 

75.1 

33.6 

-41a,c 

86.0 

33.3 

-38 

76.6 

25.9 

-47** c 

78.6 

18.9 

-45 

*^C  TE.  52-BO 
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% Cold 
Comp.  Set 
Relaxed 

10  Min 

94.8 

82.7 

94.7 

50. 1 

94.9 

81.4 

95.4 

79.7 

95.9 

89.6 

85.1 

69.7 

60.8 

95*3C 
87. 6C 
81.9C 
81.8c 
95.2C 
94.2C 
95. 9C 
92.4c 
95.1c 
95. 9C 
95.7* 
76. 8C 
75.0C 
46.6c 
31.7C 


TABLE  V 


DESCRIPTION  OF  BUTADIENE- FURFURAL  COPCIIMERS 


Description 

Purified  2,3>4,5-bis-(zl^-butenylene)  tetrahydrofurfural. 
Crude  tar  from  butadiene  plant  containing  approximately 
15  per  cent  BF-1  and  other  condensation  products. 
Overhead  from  partial  stripping  of  crude  tar  with  4 00  F 
steam. 

Overhead  from  stripping  BF-5  again  with  400  F steam. 
Overhead  from  complete  stripping  of  crude  tar  with  400  F 
steam  using  vacuum  during  the  final  stages. 


^ n i c k4»  1 a 


T A A.  *A  ,4— *.**..«•  1 ~ 1 ~ 1 

Buuugnjr  AQiioy  oaui  atijf  ui  wxui  luijr  a 


Product  from  the  condensation  of  ethylene  oxide  with 
BF-7  in  a mol  ratio  of  4 to  1. 

Hydroxy lated  and  polymerized  BF-1. 

Hydroxy lated  BF-7. 


TABIE  VI 

EVALUATION  OF  HYDROXY LATED  BUTADIENE 
DERIVATIVES  AS  PIASTICIZERS  IN  PARACRIL  NS-26 


% Cold 

%*  Comp.  Set 


Plasticizer 

PHR 

Plasticizer 

Plasticizer 

Extracted 

% 

Swell 

Gehman 
FP  °C 

Relaxed 
30  min 

HB-53S 

10 

0.0 

44*2 

-30.5 

98.8 

HB-54E 

ID 

71.8 

23.2 

-34 

96.2 

ED-1 

10 

10.8 

46 « 2 

-30 

99.1 

ED-2 

10 

9U5 

38.5 

-32 

99.1 

ESD-1 

ID 

97.0 

38.6 

-32 

100.0 

ESD-2 

10 

84*3 

39.5 

-32 

99.4 

ED-3 

10 

53.2 

40.9 

-32 

98.5 

ED-4 

10 

0.0 

45.9 

-31 

98.5 

ED-5 

10 

9.0 

45.9 

-32 

98.5 

♦Aliquot  method 


HB-53E:  Residues  from  erythritol  preparation 

HB-54E:  Erythritol  tetrabutyrate 

ED-1:  Polyester  of  erythran  and  aebacic  acid 

ED-2:  Erythritol  laurate 

ESD-1?  Pentaerythritol  laurate 

ESD-2:  Glycerol  laurate 

5D-3:  Erythritol  tartrate  (♦  cyclohexanone) 

ED-4:  Polyester  of  3-butene-l,2-diol  and  succinic  acid 

ED-5:  Polyester  of  3-butene-l>2~diol  and  adipic  acid 


, t-rr- 
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TABLE  VII 


EVALUATION  OF  POIYETHYLENE  GLYCOL  DERIVATIVES 
AS  PLASTICIZERS  IN  PARACRiL~NS-26 


Plasticizer 

PHR 

Plasticizer 

% 

Plasticizer 

Extracted 

% 

Swell 

T-R 
FP  °C 

% Cold  Camp.  Set 
Relaxed  Relaxed 
10  sec  30  min 

Remarks 

4419-77 

10 

75.0 

34.4 

-35 

92.4s 

4419-77 

30 

76.6 

20.2 

-40 

38.2s 

Bled 

4618-19 

10 

64.3 

35.3 

-37 

— 

95.5s 

4618-19 

30 

68.6 

22.6 

-38 

* 

94. 5a 

Bled 

4618-26 

10 

71.4 

34.9 

-35 

— 

95.4s 

Bled 

4618-26 

30 

6?-0 

24.4 

-35 

c>i  oa 

uxo  ( 

131  ~ 4 
y U 

4618-25 

10 

30^0 

4o]o 

-30 

— 

97.4 

Bled 

4618-25 

30 

34.0 

33.2 

-28 

— 

96.8 

Bled 

TP-90B 

10 

86.0 

33.3 

-38 

75.0a 

TP-90B 

30 

78.6 

18.9 

-45 

- 

31.7s 

4618-28 

10 

90.5 

36.2 

-38 

96.8 

90.9 

4618-28 

30 

80.7 

23.1 

-39 

92.9 

48.0 

Bled 

4618-49 

10 

90.5 

35.8 

-38 

96.7 

89.2 

4618-49 

30 

66.7 

26.6 

-40 

95.1 

65.2 

Bled 

4618-70 

10 

74.5 

38.5 

-34 

96.3 

95.0 

4618-70 

30 

68.7 

24. 3 

-38 

96.1 

85.5 

TP-90B 

10 

92.5 

38.8 

-42 

93.5 

75.7 

TP-90B 

30 

82.5 

22.5 

-46 

71.9 

29.0 

4618-71-2 

10 

68 

39.5b 

-31 

97.  lc 

96. 7C 

4618-71-2 

30 

84.5 

26 .3b 

-31 

96. 5C 

96. 2C 

Bled 

TP-90B 

10 

77 

38.8b 

-38 

96.6° 

86.1C 

TP-90B 

30 

82.5 

21.2b 

-50 

75.4C 

30.9C 

— 

- 

48. 6b 

-29 

97.  lc 

97.0C 

a)  30  minute  cure. 

b)  Two  daya  in  70/30  isooctane-toluene  at  158  F then  dried  3 days  at  150  F. 

c)  In  carbon  dioxide  atmosphere. 
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TABLE  VHI 


DESCRIPTION  OF  POUETHYLENE  GLYCOL  DERIVATIVES 


Code  No. 


Description 


4419-77 

4618-19 

4618-26 

4618—25 


4618-49 

4618-70 

4618-71-2 


Product  from  the  reaction  of  equimolar  quantities  of  Polyethylene 
Glycol  200  and  caprylic  acid. 

Product  from  the  reaction  of  equimolar  quantities  of  Polyethylene 
Glycol  400  and  caprylic  acid. 

Blend  containing  42  per  cent  Polyethylene  Glycol  200,  24  per  cent 
4419-77  and  29  per  cent  4618-19* 

Product  from  the  reaction  of  Polyethylene  Glycol  200  with  sebacic 
acid  in  a mol  ratio  of  2 to  1. 

Polyethylene  Glycol  200  monobutyrate. 

The  ft -cyanoethyl  ether  of  Polyethylene  Glycol  200  monobutyrate. 
Mixed  adipate  of  butyl  Carbitol  and  Polyethylene  Glycol  200. 

The  di<^3-cyanoethyl)  ether  of  Polyethylene  Glycol  200o 
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TABLE  X 


EVALUATION  OF  AMIDE-TYPE  PUSTICIZERS  IN  PAHACRIL  NS-26 


Plasticizer 

PHR 

Plasticizer 

% 

Plasticizer 

Extracted 

% 

Swell 

T-R 
FP  °C 

H Cold  Comp,  Set 
Relaxed  Relaxed 

10  sec  ^0  ml  n 

K-8U/TP-90B 

5/5 

63 

37.1 

-36 

96.6 

95.1 

H-8U/TP-90B 

5/10 

71,5 

32,0 

-42 

95.8 

80.6 

N-8U/TP-90B 

10/10 

72.6 

27.7 

-37 

95.4 

87,4 

:i-su 

10 

58  - 3 

39,9 

-34 

95.9 

95,4 

N-8U 

20 

67*2 

31.8 

-27 

95.8 

95.1 

H-8U/TP-90B 

20/10 

73*8 

24.0 

-37 

95.7 

90.2 

K-SU 

30 

72.5 

28.7 

-29 

96.4 

96.2 

7p  — QQ5 

10 

98 

36,2 

96,5 

79.7 

TP-90B 

30 

81.1 

22.1 

-50 

72.3 

29,9 

— 

47.2 

-30 

96.9 

96.7 

4843-17 

10 

18 

73.9® 

-29 

97.  lb 

96. 9b 

4843-17 

30 

15.3 

41.3® 

-28 

97. 2b 

97.  lb 

TP-90B 

10 

94 

36.4® 

-36 

95. 2b 

78, 6b 

TP-90B 

30 

74.7 

23.3® 

-46 

74.2b 

37. 6b 

— — — « 

** 

“ 

43.8® 

-29 

97, 3b 

97. 2b 

4843-25 

10 

55a 

40,7® 

-38 

96.7b 

88.6b 

4843-25 

30 

54.3® 

31.7® 

-45 

89. 8b 

38.6b 

48  43-23 

10 

62a 

41.1® 

-33 

96. 8b 

95. 4b 

4843-23 

30 

83.7® 

26.1® 

-34 

97.8J 

97.2b 

TP-90B 

10 

88® 

36.0® 

-40 

95. 8b 

78. 7b 

TP-90B 

30 

79.0® 

20.5s 

-51 

78. 0b 

3l.4b 

— 

- 

46.3® 

-29 

97.  lb 

97.  lb 

4843-21 

10 

81® 

40.5® 

— c 

97.7b 

97. 4b 

4843-21 

30 

86,0® 

27.6® 

-c 

97. 4b 

97. 2b 

TP-90B 

10 

96® 

37.4® 

-c 

95. 6b 

75. 5b 

TP-90B 

30 

84.0® 

19.8® 

-c 

70,4b 

29.5b 



- 

- 

47.3® 

-c 

96,9b 

96, 8b 

Bled 

Bled  badly 


Bled 


a)  Two  days  in  70/30  isooctane-toluene  at  158  F then  dried  3 days  at  150  F. 

b)  In  carbon  dioxide  atmosphere 0 

c)  Freeze  points  are  not  yet  available. 
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TABLE  XI 


DESCRIPTION  OF  AMIDE-TYPE  PLASTICIZERS 


Code  No, 

Description 

N-8U 

n-Octyl  urea 

4843-17 

Die t ha n o If ormamide 

4843-25 

N -foray!  morpholine 

4843-23 

Sym-N ,N  * -die  t han  olur ea 

IS  43—21 

-hydroxyethylurethan 

TABLE  XII 

EVALUATION  OF  TP-9QB  DERIVATIVES  AS  PLASTICIZERS 
IN  PARACRIL  NS-2& 


% Cold 


Plasticizer 

PHR 

Plasticizer 

% 

Plasticizer 

Extracted 

% 

Swell 

FP 

T-R 

°C 

Gehman 

Comp.  Set 
Relaxed 
30  min 

NES-1 

10 

40.8 

37.3 

- 37a 

93.3 

NES-1 

20 

41.0 

30.6 

- 

-40* 

78.4 

4618-9 

10 

95.0 

32.4 

-41 

-39 

79.4 

4618-9 

30 

33.3 

17.3 

-45 

-51 

31.9 

TP-90B 

10 

75.1 

33.6 

- 

-41a 

76.8 

TP-90B 

10 

o4  n 

uu  • v/ 

33.3 

-33 

-42 

75.0 

TP-90B 

20 

76.6 

25.9 

- 

-47a 

46.6 

TP-90B 

30 

78.6 

18.9 

-45 

-55 

31.7 

a)  30  minute  cure 

NES-1:  Product  from  the  reaction  of  TP-90B  with  m-tolylene  diisocyanate 0 
4618-9:  Product  from  the  reaction  of  TP-90B  with  succinic  aniiydride. 


IftTJG  TP. 
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TABLE  mi 


gVAUJATICH  OF  HYDRQXJUITRTLES  AS  PLASTICIZERS 
IN  PARACRIL  NS~2g  


Plasticizer 

4419-81 

4419-81 

4618-10 

4618-10 

TP-90B 

TP-90B 


PHB 

Plasticizer 

10 

30 

ID 

30 

10 

30 


e)  30  minute  cure 


% 

Plasticizer 

% 

Extracted 

Snail 

79.0 

34.6 

74.6 

20.7 

79.0 

34.6 

76.0 

20.8 

66.0 

33.3 

78.6 

18.9 

r~a 

% Cold8 
Coop.  Set 
Relaxed 

FP  °C 

30  min 

-34 

95.4 

-35 

91.2 

-36 

%.6 

-41 

92.7 

-38 

75.0 

'45 

31.7 

4419-8 It  Hydroxylated  Arne el  TOD 
4618-10 1 Jfjrdroxy  la  ted  Ameel  SD 


TABLE  XIV 

EffAIUATICM  OF  VULCANIZABIE  PLASTICIZERS  DJ  PARACRIL  NS-36 


Plasticizer 

PHR 

Plasticizer 

% 

Plasticizer 

Extracted 

% 

Snell 

T-R 
FP  °C 

%'  Cold  Como.  Set 
Relaxed  Relaxed 

10  sec  ^0  min 

DAS 

10 

73.2 

35.8 

-40 

80.9 

DAS 

30 

83-3 

18.9 

-49 

*• 

96.2 

DAS 

308 

83.3 

18.1 

-51 

_ 

96.7 

DAS 

306 

81.7 

19.8 

-47 

96.6 

DASC 

10 

66.5 

40.6 

-32 

— 

88.3 

DAS® 

30 

21.3 

42.  3 

-31 

82.4 

DAS® 

308 

22.1 

U.1 

-30 

83.0 

DAS® 

30b 

- 

45.8 

-28 

DVB 

5 

23.4 

46.5 

-30 

97.4 

96.9 

DVB/TP-90B 

5/5 

56.5 

42.1 

-35 

96.9 

91.3 

DVB 

10 

34.8 

44.8 

-36 

97.4 

96.1 

DVB/TP-90B 

10/10 

59.6 

32.1 

-40 

94.8 

71fc5 

DVB 

30 

22 

41.3 

-36 

96.4 

92.8 

TP-90B 

10 

98 

36.2 

-38 

96.4 

79.7 

TP-90B 

30 

81.1 

22a 

-50 

72.8 

29.9 

— 

- 

47.2 

-30 

96.9 

96.7 

a)  One  part  benzoyl  peroxide  added. 

b)  One  part  benzoyl  peroxide  added,  then  treated  8 hra.  at  120  F and  2 hrs.  at  212  P. 

c)  Extracted  stock. 


DAS  8 
DVB: 


Dlallyl  aebacate 
Divinyl  benzene 


TAELE  XV 


EVALUATION  OF  SILICONES  AS  PLASTICIZERS  IN  PARACRIL  MS-26 


Plasticizer 

PHR 

Plasticizer 

q? 

n 

Plasticizer 

Extracted 

Swell 

T-R 
FP  °C 

% Cold  Comp.  Set*5 
Relaxed  Relaxed 
10  sec  30  min 

Remarks 

4209-34-1 

10 

0.0 

66.9 

-28 

97.8 

97.5 

Bled 

4209-34-1 

30 

6,7 

85.4 

-25 

97.7 

97.5 

Bled  badly 

4209-34-2 

10 

6.0 

63.4 

-27 

97.8 

97.6 

Slick 

4209-34-2 

30 

22.7 

70.3 

-26 

97.3 

97.2 

Bled 

TP-90B 

10 

94 

36.4 

-36 

95.2 

78.6 

TP-90B 

30 

74.7 

23.3 

-46 

74.2 

37.8 



- 

- 

43.8 

-29 

97.3 

97.2 

a)  Two  days  in  70/30  isooctane-toluene  at  158  F then  dried  3 days  at  158  F. 

b)  In  carbon  dioxide  atmosphere. 


4209-34-1:  Experimental  silicone  plasticizer  (Dow-Corning  stopcock  grease), 

4209-34-2:  Experimental  silicone  plasticizer  (Dew-Corning  anti-foam  A), 


TABLE  XVI 

EVALUATION  OF  PHOSPHORATES  AS  PLASTICIZERS  IN  PARACRIL  NS-26 


£a  % Cold  Comp,  Setb 

j n * r ■ ■ 


Plasticizer 

PHR 

Plasticizer 

Plasticizer 

Extracted 

%a 

Swell 

Relaxed 
10  sec 

Relaxed 
30  min 

4209-35-1 

10 

94 

37.6 

96.8 

95.9 

4209-35-1 

30 

96*0 

18.9 

95.4 

67.2 

4209-35-2 

10 

92 

38.0 

97.1 

96.4 

4209-35-2 

30 

93.4 

19.0 

96.8 

85.1 

TP-90B 

10 

96 

37.4 

95.6 

75.5 

TP-90B 

30 

84.0 

19.8 

70.4 

29.5 

Note:  Freoze  points  not  yet  available. 

47.3 

96,9 

96.8 

a)  Two  days  in  70/30  isooctane-toluene  at  158  F then  dried  3 days  at  158  F. 

b)  In  carbon  dioxide  atmosphere. 


4209-35-1:  Diisooctyl  phenylphosphonete. 

4209-35-2:  Diisooctyl  styrylphosphonate. 


WADC  TR  52-gC 
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TABLE  XVII 


KVALIJATICM  OF  MISCELLANEOUS  PLASTICIZERS  IN  PARACRIL  KS-26 


Plasticizer 

PHR 

Plasticizer 

% 

Plasticiser 

Extracted 

% 

Swell 

T-R 
FP  °C 

% Cold  Como.  Set 
Relaxed  Relaxed 
10  sec  30  min 

AP-6£ 

10 

52.  la 

39.0 

-32b 



97.7 

AP-M 

10 

— 

38.6 

-33b 

- 

94.2 

Sorbitol 

5 

16.4 

44.8 

-27 

95.9 

95.3 

Sorbitol 

10 

1L.9 

46.2 

-28 

96.6 

96,5 

Sorbitol/TP-90B 

10/10 

47 

36.9 

-35 

96.3 

87.0 

Sorbitol/TP-90B 

30/10 

30.3 

31.5 

-35 

96.6 

91.8 

Sorbitol 

30 

12.4 

38.7 

-27 

97.1 

96.9 

TP-90B 

10 

98 

36.2 

-3« 

96.5 

79.  Y 

TP-90B 

30 

81.1 

22.1 

-50 

72.8 

29.9 

— 

- 

- 

47.2 

-30 

96.9 

96.7 

a)  Aliquot  method 

b)  Gehoan  FP°C 

AP-65:  Uercaptan-ethylene  oxide  (9  moles) 
AP-M:  Mercaptan-ethylene  oxide  (1  mol) 


TABLE  XVIII 

POLYMERIZATION  DETAILS  OF  90/10  BUTADIENE/CIS-l-CYANOBUTADIENE  COPOLYMERS 


1-Cy an obut adiene 


Composition 

Sample 

% Cia 

% Trans 

Total"? 

4936-2-1 

98.0 

1.0 

99.0 

4936*6^1 

98.0 

1.0 

99.0 

4936-6-2 

70.6 

36.8 

107.4 

4936-6-3 

33.4 

76.7 

110.1 

4936-8-1 

70.6 

36.8 

107.4 

4936-10-1 

33.4 

76.7 

110.1 

4936-10-2 

33.4 

76.7 

UO.l 

4936-11-1 

98.0 

1.0 

99.0 

4936**11-2 

98.0 

1.0 

99.0 

4936-11-3 

70.6 

36.8 

107.4 

4936-11-4 

70.6 

36.8 

107.4 

Parts 

LiLU 

Polym. 

Time 

Hrs. 

% 

Conv. 

fft. 

Polymer 

Lma) 

Mooney 

ML-4 

0,355 

11 

60.1 

130 

125 

0.45 

10.5 

63.9 

150 

108 

0.40 

11*75 

56.2 

30 

95 

0.40 

22.5 

62.0 

30 

101 

0.75 

11.5 

64.3 

165 

75 

0.70 

16 

62.6 

130 

59 

0,70 

16 

68.5 

67 

58 

0.70 

10 

68.4 

116 

81 

0,70 

11 

62.3 

46 

70 

0.70 

11 

63.4 

81 

55 

0.70 

11 

62.4 

20 
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Blond  of  1 part  of  493$-2-l  and  2 part®  of  4 936-6-1  (90/10  butadlane/cit-l-cyanobutadiano  - so#  Table  XVIIl)* 
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a)  Imerted  in  fluid  2 day*  at  158  F and  or  an  dried  3 days  at  158  F. 

CNBD-1:  Plazid  of  1 part  of  4936-2-1  and  2 parts  of  4936-6-1  (els). 

CR3D-2:  Bland  of  124  g of  4936- ID-1  and  60  g of  4936-10-2  (trans). 

3IB!>-3*  Blend  of  165  g of  4936-8—1  and  96  g of  4936—11—3*4  (cia-trana) 

CKBD-4:  Blend  of  108  g of  4936-11-1  and  36  g of  4936^11-2  (cis) . 
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